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Plasmon-resonant Microchip Emitters and Their Applications to
Terahertz Spectroscopy

T. Otsuji', Y. Tsuda'!, T. Komori', T. Nishimura',
A. El Fatimy', Y. M. Meziani!, T. Suemitsu', and E. Sano?

'Research Institute of Electrical Communication, Tohoku University, Japan
2Research Center for Integrated Quantum Electronics, Hokkaido University, Japan

Abstract— Development of compact, tunable and coherent sources operating at terahertz
(THz) frequencies is one of the hottest issues of the modern ultrafast electronics [1]. Two dimen-
sional (2D) plasmons in submicron transistors have attracted much attention due to their nature
of promoting emission/detection of THz electromagnetic radiation [2,3]. This paper reviews
recent advances in emission of THz radiation from our original dual-grating gate high-electron
mobility transistors (HEMT’s) originated from two-dimensional plasmons [4-9]. The dual grating
gates can alternately modulate the 2D electron densities to periodically distribute the plasmonic
cavities along the channel, acting as an antenna [4]. The first sample was fabricated with stan-
dard GaAs-based heterostructure material systems, succeeding in emission of broadband (0.5 to
6.5 THz) radiation even at room temperature from self-oscillating 2D plasmons under the DC-
biased conditions [7,9]. When the 2D plasmons are optically excited by a femtosecond laser,
emission with sharp peaks reflecting coherent 2D plasmon modes is clearly observed in their re-
laxation processes [5,6]. Photomixing operation: difference THz frequency generation from the
photomixed dual-CW laser irradiation, is also expected [4]. The second sample was fabricated
in a double-decked (DD-) HEMT structure in which the grating-gate metal layer was replaced
with the semiconducting upper-deck 2D electron layer, resulting in enhancement of emission by
one order of magnitude [8]. Currently maximum available THz output power is estimated to be
on the order of 10 uW from a single die active area of 75 x 75 um? with an excellent power con-
version efficiency of 1073 [9]. The fabricated DD-HEMT is introduced to the Fourier-transform
infrared spectroscopy (FTIR) as a microchip THz source. Water-vapor absorption spectrum is
successfully observed at 300K [10], which is proven to the standard data provided by NASA.
To the best of the author’s knowledge, this is the first-time demonstration of THz spectroscopy
utilizing room-temperature operating THz solid-state micro-light.
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Terahertz Quantum-cascade Laser and Its Applicability to

Ultra-high Bit-rate Wireless Access System

I. Hosako
National Institute of Information and Communications Technology, Japan

Abstract— It is well known that there is no small and reliable oscillator technology in the ter-
ahertz frequency bands. The non-availability of semiconductor devices in the terahertz frequency
region is known as “THz-Gap”. However, with the availability of small semiconductor oscilla-
tors in the terahertz frequency region, it would be possible to realize ultra-short-range wireless
access, with data transfer rates greater than 10 Gbps, even though, there is a large atmospheric

attenuation in the terahertz frequency range.

In recent years, there has been a rapid progress in the development of semiconductor devices in
the terahertz frequency range, and the THz-Gap is shrinking. A 100-Gbps Ethernet is developed
and is being standardized for use in optical networks. In addition, millimeter wave communi-
cations with a rate of 10 Gbps (@125 GHz) have been achieved in wireless networks. With this
background, the IEEE 802.15 Terahertz Interest Group (IGthz) explored the feasibility of ter-
ahertz frequency bands for wireless communications in January, 2008. In the IGthz, the basic

principle and economical feasibility of the THz wireless were discussed.

The terahertz quantum cascade laser (THz-QCL) is a newly developed semiconductor laser that
operates in the frequency range from 1 to 5 THz with milliwatt-class output power. After initial
developments by R. Kolher et al., in 2002 [1], THz-QCLs with an output power of a few hundred
milliwatts and a maximum operating temperature of 178 K [2] have been achieved. Further,
electronic semiconductors operating at room temperature at frequencies lesser than 1 THz have
also been fabricated [3]. The output power of these electronic semiconductor devices very is
small, i.e., it is of the order of few tens of milliwatts and microwatts at 300 GHz. Therefore, the
availability of the semiconductor oscillator technology is different in each frequency band. In this
study, we focus on a dynamic behavior and possible modulation frequency of the THz-QCL and

its possible application to wireless access systems.
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High-power RF Photodiodes and Their Applications

Tadao Nagatsuma
Graduate School of Engineering Science, Osaka University
1-3 Machikaneyama, Toyonaka, Osaka 560-8531, Japan

Abstract— Research on exploring millimeter-waves (MMWs) and terahertz (THz) waves,
which cover the frequency range from 30 GHz to 10 THz, has lately become very active, since
nature of these electromagnetic waves is suited to spectroscopic sensing as well as to ultra-
broadband wireless communications. One of the obstacles to develop applications of MMWs and
THz waves is a lack of solid-sate signal sources, rather than detectors, as the frequency band in
this region is often referred to as “terahertz gap”. For the generation of MMWs and THz waves,
photonic techniques are considered to be superior to conventional techniques based on electronic
devices with respect to wide frequency bandwidth, tunability, and stability. Moreover, the use
of optical fiber cables enables us to distribute high-frequency RF signals over long distances.
In this scheme, optical-to-electrical (O-E) converters and/or photodiodes, which operate at long
optical wavelengths (1.3—-1.55 um), play a key role, and high-output-current operation is required
in addition to high-frequency operation for practical applications.

This paper reviews recent progress in the high-power RF photodiodes such as Uni-Traveling-
Carrier-Photodiodes (UTC-PDs), which operate at these frequencies. Several approaches to in-
creasing both the bandwidth and output power of photodiodes are discussed, and recent promising
applications to broadband wireless communications and spectroscopic sensing are described.
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High-speed and Precise Lightwave Modulation for Millimeter- or
Micro-wave Generation

Tetsuya Kawanishi', Takahide Sakamoto!, Akito Chiba', Daiki Nanbu?
Hiroyuki Toda?, Hiroshi Murata®, and Akira Enokihara*

!National Institute of Information and Communications Technology
4-2-1 Nukui-Kita, Koganei, Tokyo 184-9795, Japan
2Faculty of Science and Engineering, Doshisha University
1-3 Tatara-Miyakodani, Kyotanabe, Kyoto 610-0321, Japan
3Graduate School of Engineering Science, Osaka University
1-3 Machikaneyama, Toyonaka, Osaka 560-8531, Japan
4Graduate School of Engineering, University of Hyogo
2167 Shosha, Himeji, Hyogo 671-2280, Japan

Abstract— LiNbO3 Mach-Zehnder (MZ) optical intensity modulators have been widely used
in optical communication systems. The important figures, which specify the performance of the
modulators, are frequency response bandwidth, halfwave voltage, chirp parameter and extinction
ratio. The chirp parameter can be less than 0.2 by using x-cut LiNbO3 modulators. A typical
extinction ratio of an MZ modulator is less than 35 dB. These figures are good enough for digital
transmission, however, more precise lightwave modulation would be required for analog applica-
tions, such as two-tone lightwave signal generations in photonic local oscillator system for radio
astronomy. The chirp parameter depends on imbalance in electric field of the modulating signal,
while the extinction ratio depends on the MZ waveguide structure. These two parameters are
limited by fabrication errors in the waveguide structures and electrodes. Recently, we proposed
high extinction ratio and low chirp optical intensity modulation technique using an integrated
Mach-Zehnder (MZ) LiNbO3 modulator with active trimmers [1,2], where imbalance in the MZ
structure in the modulator can be compensated. This technique is useful to generate two-tone
signals with high carrier suppression ratio. For such a precise lightwave modulation, performance
estimation and characterization methods would be very important. In this paper, we investigate
two-tone lightwave signal generation using high extinction ratio and low chirp optical intensity
modulation, and discuss characterization of generated signal and modulators. The extinction
ratio can be larger than 70dB, and the chirp parameter can be less than 0.01 [1,2]. By using
this technique, we can achieve very pure two tone lightwave generation, which would be useful
for radio astronomy, advanced measurement, etc.

REFERENCES
1. Toda, H., et al., MWP, B4P-E, 2007.
2. Kawanishi, T., et al., CLEO, CFA1, 2008.
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Photonic Integration with Si-wire Waveguides for Photonic
Networks

Hirohito Yamada' and Tao Chu?

'Department of Electrical and Communication Engineering
Graduate School of Engineering, Tohoku University, Japan
2Nano Electronics Research Labs., NEC Corp., Japan

Abstract— Micro-photonic devices based on Si-wire waveguides are attractive for realizing
photonic integrated circuits using optical interconnection with the Si-wire waveguides, since the
waveguide can be bent with extremely small curvature. We have demonstrated various micro-
photonic devices with the waveguides. In this paper, we describe optical ring resonators, optical
multiplexer/demultiplexers and optical switches.

Optical ring resonators are one of the most attractive applications of the Si-wire waveguides,
since they can have very wide free-spectral ranges (FSRs) due to those small ring radiuses of
several micrometers. The ring resonators are expected to be used in constructing many novel
devices, such as tunable lasers, optical delay lines and optical filters for use in photonic networks.
We demonstrate optical filters using ring resonators with Si-wire waveguides. Obtained FSR of
the single ring resonator was about 380 GHz which is more than one order of magnitude larger
than the FSR obtained by ring resonators with silica based waveguides.

Optical add/drop multiplexers (OADMs) are indispensable devices in wavelength division multi-
plexing (WDM) network for dropping out or adding in light signals with specific wavelengths. In
this paper we demonstrate a Mach-Zehnder interferometer (MZI) type ROADM in which Bragg-
grating reflectors are formed on both the MZI branches. The Bragg gratings were formed by
making small fins at a period of 370nm on the sidewalls of the 500-pm-long waveguides. The
device was 700-pm-long which is more than one order of magnitude smaller than conventional
OADMs made of silica waveguides.

Finally, we describe ultra small optical switches based on Si-wire waveguides. We fabricated
MZI-type 1 x 2 optical switches composed by Y-splitters and 3-dB directional couplers. The
switches were controlled with thin-film heaters formed over the MZI branches. The footprint of
the 1x 2 optical switches were 85x 30 wm which is more than two orders of magnitude smaller than
conventional optical switches made of silica waveguides. We also describe 1 x 4 and 4 x 4 optical
switches made by the 1 x 2 switches and demonstrate their fundamental switching characteristics.
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Technical Trends in Millimeter-wave Band Radio-On-Fiber Access
System

Tomohiro Taniguchi, Naoya Sakurai, Hideaki Kimura, and Kiyomi Kumozaki
NTT Access Network Service Systems Laboratories, NTT Corporation, Japan

Abstract— In recent years, fiber-to-the-home (FTTH) customers are increasing explosively
in Japan, Korea, and certain other countries, and this means that optical fibers is becoming
the most popular communication infrastructure in access networks. On the other hand, there
is wide-spread use of wireless networks, such as wireless LAN or WiMAX, and bit rates of the
wireless systems are approaching 100 Mb/s and more. As hybrid architecture of fiber optics and
wireless systems, Radio On Fiber (ROF) system is known. Radio On Fiber (ROF) is optical
analog transmission technique of RF signals, that utilizes broad band and low loss characteristics
of optical fiber. With ROF access systems, since base stations are needed only to perform an
optical-electrical conversion, configurations of base stations can be simplified and independent of
modulation format and protocol. From these advantages, ROF is expected as useful solution to
realize future flexible and high capacity access networks.

This paper reviews technical trends in ROF access systems, focusing especially on millimeter-wave
band systems. In the millimeter-wave band, wide band spectrum can be used for transmission
(for example, several GHz bandwidth is available in 60 GHz band), therefore, Gb/s class bit-
rate is realized. On the other hand, due to its very high frequency, comparing to micro-wave
band systems, there are difficulties in signal generation, up-conversion/down-conversion, modu-
lation/demodulation, and transmission. In ROF systems, these problems are solved effectively
with optical domain techniques.

In addition, this paper describes our proposal based on optical heterodyne technique for 60 GHz
band ROF access system. The points of the proposal are achievement of adequate optical link
budget and simple system configuration, therefore, high quality transmission can be realized with
low cost. As a proof of concept, full duplex 1.0 Gb/s transmission experiment over 60 GHz ROF
is demonstrated. Further, future perspective for higher bit-rate employing the optical heterodyne
technique is discussed.
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Radio on Fiber Technologies and Their Application toward
Universal Platform for Heterogeneous Wireless Services

Katsutoshi Tsukamoto, Takuya Yamagami, Takeshi Higashino, and Shozo Komaki
Division of Electrical, Electronic and Information Engineering
Graduate School of Engineering, Osaka University, Japan

Abstract— To realize user-centric and flexible wireless services, the network platforms for het-
erogeneous wireless require improvements in radio frequency utilization, dead zone reduction,
traffic dispersion in urban area, and universal service abilities in rural area with a low popula-
tion. Radio on Fiber (RoF) technologies arisen from the combination of optical fiber and radio
communication technologies are able to transparently transmit various types of radio services,
and realize a effective universal network platform for wireless communications and broadcastings.
To realize the universal network for heterogeneous wireless services, we have proposed Software
Definable Radio Networks (SDRN), where RoF networks are used as a universal entrance net-
work among various types of radio access points and IP core network. The first part of this paper
describes the concept of SDRN, and the role of RoF as a universal platform for heterogeneous
wireless services. In the second part, especially, the paper proposes a new types of distributed
antenna architecture by use of RoF, and shows some theoretical and experimental results for the
effect in MIMO-SDMA capability improvement.



Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009

15

Experimental Demonstration of a Radio on Free Space Optics
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Abstract— One of the ultimate goals in next generation network design is to achieve an ubig-
uitous environment enabling connectivity between any wireless access system with optical fiber
core network. Radio on Fiber (RoF) technology has been applied to realize a universal platform
for transparently carrying various types of wireless services. By applying free-space optical (FSO)
communication techniques with RoF, this concept can be extended to free space channels. This
paper describes a development project of DWDM Radio on Free-Space Optics (RoFSO) system,
which can realize a universal platform to quickly and effectively provide ubiquitous wireless ser-
vices to underserved areas left out due prohibitive costs associated with laying optical fiber cables.
In order to realize the RoFSO system, we developed an all-optical connection between free-space
and optical fiber links by directly coupling the free-space propagated beam to a single mode fiber
without any conversion of the transmitted light signal. Furthermore, we have demonstrated this
system by conducting field experiments of transmission of various kinds of wireless services; for
example, 3GPP, WLAN; terrestrial digital television broadcasting etc.; over extended durations
using this RoFSO system. The obtained results indicate satisfactory performance and potential
of the RoFSO system. As a result, we show the possibility to utilize the RoFSO system for
optical and radio frequency signals transmission not only for optical fiber transmission but also

over a free-space channel.
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Radio on Leaky Coaxial Cable (RoLCX) System and Its
Applications

T. Higashino, K. Tsukamoto, and S. Komaki
Division of Electric, Electronic and Information Engineering, Osaka University, Japan

Abstract— In the next generation radio access network, different kind of radio service coexists
and they are mutually connected via the IP-based network. In this paper, radio on leaky coaxial
cable (RoLCX) system is introduced as a wideband universal antenna toward heterogeneous radio
access networks. It could be strong candidate of common antenna to construct heterogeneous
radio space by virtue of its large bandwidth as well as coaxial cables.

Some applications such as remote antenna, wireless positioning, spatially delivery functions are
also proposed. The purpose of first application is to expand a service area enabling to use radio
service. Since the remote LCX antenna enables us to reduce the distance between transceiver
compared to an omni antenna, transmission power reduction is obtained. In 2nd application,
while an omni antenna can detect distance between transceiver, 2-dimensional relative location
by using LCX based on impulse response between transceiver can be achieved because it depends
on the position of wireless terminal at the area which is constructed by the LCX antenna. Time
difference of arrival (TDOA) is applied to positioning method. The last is a kind of interference
suppression method by using a characteristic of a slot array antenna. It suppresses interference
radio signals for partial space in order to coexist different kind of radio service provided by the
same RF channel.
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Exploring Sub-THz Waves for Communications, Imaging, and Gas
Sensing

Yuichi Kado' and Tadao Nagatsuma':?

INTT Microsystem Integration Laboratories, NTT Corporation
3-1, Morinosato Wakamiya, Atsugi, Kanagawa 243-0198, Japan
2Graduate School of Engineering Science, Osaka University
3-1 Machikaneyama, Toyonaka, Osaka 565-8650, Japan

Abstract— The development of technology that applies terahertz (THz) waves to industry is
expected to play an important role in the creation of new industrial fields that meet such social
needs. The THz region of the electromagnetic spectrum runs from 0.1-10 THz, which corresponds
to the wavelength region from 30 pm-3 mm.

Exploiting the features of THz waves, we are researching application fields that can respond to
social needs with a focus on communications, imaging, and gas sensing.

In the field of communications, there is a great demand for large-capacity wireless links with
bit rates in excess of 10 Gbit/s and for expansion of radio spectrum resources. The paper will
describe ultra-high-speed wireless technology at the 10 Gbit/s level with a carrier frequency in
the 120-GHz band.

In addition, concerns are growing about the earthquake resistance of concrete structures. There
has consequently been a focus on the detection of 0.2-0.3mm cracks on the surface layer of
buildings as a basic element in the diagnosis of concrete structures. In this regard, the paper
will describe imaging technology using sub-THz waves that can detect cracks on the surface of
concrete even through wallpaper or tile and display them on a display screen.

Next, in rescue efforts at sites affected by fires or other natural disasters, there is a need for
technology that can remotely sense the concentration of harmful gases. The paper describes
sensing technology that makes use of the fact that the intrinsic absorption of toxic gas lies in the
sub-THz range.
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Real-time Visualization of W-band Millimeter Wave by Live
Electro-optic Imaging

Kiyotaka Sasagawa''?, Atsushi Kanno', and Masahiro Tsuchiya'

!National Institute of Information and Communications Technology, Japan
2Graduate School of Materials Science, Nara Institute of Science and Technology, Japan

Abstract— Live electro-optic imaging (LEI) is a scheme for the real-time visualization of
RF electric field distributions, which has been recently developed by the authors (http://lei-
camera.nict.go.jp/) and enables intuitive grasps of RF circuit functions. In this paper, the suc-
cessful extension of its operation frequency up to 100 GHz in W-band is described. Indeed, it has
resulted in observations of some features of traveling millimeter waves, which could lead to new
schemes of effective diagnoses for millimeter-wave circuits.

LEI is based on ultra-fast and ultra-parallel nature of photonics technologies, where RF electric
near-field distributions are converted instantaneously to 10,000 channel optical signals via an
electro-optic crystal plate with the Pockels effect. Simultaneously, the frequency of the optical
signal modulation is down-converted by photonic heterodyning to what is within the operation
speed of a high speed image sensor with a large degree of parallelism (10,000). Electric field
intensity and phase distribution images are displayed on a computer screen through some digital
signal processing after the photo-detection. Thus, the time needed for image acquisition of electric
near-field is drastically reduced and real-time RF electric near-field imaging has been realized.
The resolution and the frame rate are 100 x 100 pixels and 30 frames/sec at highest, respectively.

The extension of frequencies of electric fields to be observed has been brought about by the
newly developed technique: a millimeter-wave two-tone photonic signal generation, which is at
a wavelength detectable with the Si-based image sensor and works as a local oscillator source in
the system. Some advanced techniques of optical modulator operations and optical frequency
conversions are key issues for the photonic signal generators.
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New Guided Nonlinear Waves in Tuneable Gyrotropic Metamaterial

Structures

A. D. Boardman, P. Egan, R. C. Mitchell-Thomas, and Y. G. Rapoport
Joule Physics Laboratory, University of Salford, Salford, UK

Abstract— The literature is alive with papers [1] devoted to the creation of electromagnetic
metamaterials and there appears to be a particular desire to create photonic applications that
will operate at THz frequencies and beyond. These are extremely important ranges medically and
it is imperative to study structures that sustain both guided and surface waves in the nonlinear
regime and to offer the possibility of extra tunability through the addition of a gyromagnetic
environment. In particular, a magneto-optic influence is required that will take advantage of
the types of nanostructured metaparticles that are coming into existence. If the nonlinearity is
strong, the shape of the modal fields of nonlinear guided waves changes significantly with power, as
demonstrated in the widely cited papers by Boardman and Egan [2, 3]. For this regime, the first-
order coupled-mode approach is quite inadequate. This is the situation that will be considered
here, and will require exact solutions of the nonlinear equations that deploy the special boundary
conditions that metamaterials can offer. The background dielectric tensor of the metamaterial
will be assumed to be centrosymmetric and the nonlinearity will be unsaturated, gaining its
form from a third-order polarization. It is straightforward to include this type of nonlinearity
into the permeability as well with a suitable modification of the effective nonlinear coefficient.
Hence a quadratic dependence of the nonlinear refractive index is adopted and waves that are at
the fundamental frequency w and also at the harmonic frequency 3w, assumed to be a, poorly
phase-matched, small effect. The possibility that the nonlinearity will saturate and the role of
any absorption process will be addressed elsewhere. This Kerr regime will be examined through
an investigation of TE waves in a nonlinear slab guide that has linear bounding material that
could be gyrotropic. Both the relative permittivity and the relative permeability are less that
zero and, hence, are in the negative phase frequency range of operation. The damping is not
considered here on the grounds that this is assumed to be an active medium, for which the loss
is, at least, minimized to have a very small influence on the final outcomes. It is shown that
unique, exact, nonlinear surface waves exist because of the metamaterial properties, and a unique
concentration of guided energy is created that is a direct consequence of the power flow coupling
to the new boundary conditions. Finally, it is shown that this form of nonlinear tunability of
negative phase metamaterials is considerably extended when gyrotropic boundaries [4] are added
to the system. The conclusion is that modern metamaterials are going to have a positive impact
upon magneto-optic recording processes, some of which will be highlighted here.
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Dissipative Breathers in rf SQUID Metamaterials
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Abstract— The development of artificially structured, composite materials (metamaterials)
have substantially extended the range of possible electromagnetic response that can be obtained
by naturally occuring materials. For example, some magnetic metamaterials (MMs) exhibit sig-
nificant magnetic properties at Terahertz and optical frequencies, as well as negative magnetic
response at far-infrared frequencies. It has been recently suggested that rf SQUID (i.e., super-
conducting quantum interference device) arrays in an alternating magnetic field can operate as
nonlinear MMs in microwaves [1], leading to negative magnetic response above the resonance
frequency of its constituent elements. The nonlinearity, which is intrinsic to each rf SQUID
due to the presence of the Josephson junction, provides the possibility of tuning the magnetic
permeability of the MM by varying the applied flux.

Moreover, the combined effects of nonlinearity and discreteness may lead in the generation of
nonlinear excitations of the form of dissipative discrete breathers (DDBs), i.e., spatially localized,
time-periodic, and stable excitations, whose dynamics is governed by power balance between
losses and external driving field. The existence and stability of DDBs in rf SQUID arrays is
investigated numerically. We analyze several DDB excitations, both in one and two dimensions,
which are linearly stable up to relatively large coupling parameters. We find that DDBs may
locally alter the magnetic response of the array from paramagnetic to diamagnetic (or vice versa),
and that they are not destroyed by increasing the dimensionality [2].

Those DDB excitation exhibit some similarities with those appearing in other systems whose ele-
ments are coupled magnetically, which are usually referred to as magneto-inductive systems. For
instance, DDBs may appear in MMs comprised of nonlinear split-ring resonators [3-5]. However,
there are distinct differences between DDB excitations in those systems, due to the different form
of the nonlinear on-site potential. Given that both nonlinear systems have been constructed in
the laboratory [6, 7], our theoretical predictions are experimentally testable.
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Tunable Dynamic Capacitance Arising from Coulomb Blockade in a
2D Nanoclusters Assembly

F. Peschaud, D. Crété, P. Seneor, and F. Nguyen Van Dau
Unité Mixte de Physique CNRS/Thales, Palaiseau, France

Abstract— Radio-frequency devices such as voltage controlled oscillators or mixers are present
in a wide variety of applications from general public electronics or telecoms to military radars.
They mainly rely on variable capacitors to tune their operating frequency. In the quest for per-
formance and low power consumption, downscaling has been the main answer from the CMOS
industry. However, this option will tackle its limits reaching the nanometer scale. Hence, alter-
native ways such as the Micro ElectroMechanical Systems and their nanometer-sized equivalent
have been sought for. We show how Coulomb blockade of electrons in a dispersive set of clus-
ters embedded in the dielectric of a capacitor can be used to design a voltage tunable variable
capacitor.

A layer of nanoparticles is embedded in a thin capacitor in tunnelling range from the first elec-
trode. Typical sizes of clusters range from 1nm to 8 nm which gives rise to a Coulomb blockade
transport regime as the electrostatic charging energy is higher than the thermal fluctuation. The
first insulating layer is supposed to be thin enough to make tunnel phenomenon possible on the
contrary to the second one which is too thick and prevents tunnelling. The whole structure is
biased via a DC source controlling the onset of Coulomb blockade according to their position
in the size distribution. A complementary small AC signal that leads to a charging-discharging
process of the clusters modifies the total dynamic capacitance of the system.

The multi-layer system is grown by sputtering. After a first dielectric layer on top of a metal
electrode, the three-dimensional growing process allows to obtain a self-assembled two dimen-
sional plane of metallic clusters presenting a gaussian distribution. Then a second dielectric layer
is grown that covers the entire assembly.

We will present the model, numerical simulations and validating experiences using insulating
materials such as alumina or MgO.
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Continuously Tunable Effective Properties of Metamaterials
Controlled by Varactor Diodes

L. Liu, S. Matitsine, P. K. Tan, and C. B. Tang
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Abstract— Microwave properties of composites or Metamaterials with embedded long conduc-
tive fibers have attracted much attention recently due to various promising applications, such as
frequency selective or impedance matching layers, smart materials, or meta-materials [1]. Band
stop properties at microwave frequency can be obtained from composites that contain single or
multi-layer half-wavelength conductive fibers distributed on planar surfaces. Both randomly and
periodically distributed fibers in composites were investigated. Cluster effect due to the overlap-
ping of fibers was proposed to explain the dispersive microwave properties of composites with
randomly distributed fibers [2]. The main limitation of such composites is that such structures
are not tunable or re-deployable. Once they are fabricated, the properties of the composites,
such as working frequency and bandwidth, etc, cannot be modified to meet changes in opera-
tional requirement. Electromagnetic smart screen with conductive fiber array and pin diodes was
investigated. Transmission coeflicient was simulated using finite element method (FEM) with
validation by free space measurement. Tunable properties are obtained through controlling the
on/off state of the microwave diodes [3].

In this study, we proposed Metamaterials with periodic distributed long conductive fiber con-
trolled by varactor diodes. The impedance and circuit parameters of the varactors were mea-
surement with impedance analyzer. The tunable effective permittivity was investigated using
vector network analyzer and free space measurement as well as finite element calculation. The
pattern design was optimized numerical through parametric study. It is found that the effective
properties of such Metamaterials can be continuously adjusted within certain frequency band.
The potential applications include in hybrid radomes, band-stop filters, subreflector and circuit
analog absorbers for radar cross section reduction (RCSR) and many other civilian and military
applications.
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Ultra-thin Strip Line Metamaterial Absorber

Ruifeng Huang, Zheng-Wen Li, Lingbing Kong, and Serguei Matitsine
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Abstract— Short strip pairs (SSPs) show strong magnetic responses, just as the split-ring
resonators (SRRs), at the free space wavelengths much larger than the distance between the two
short strips. Compared with the SRRs, the SSPs have the advantages of easy fabrication and
simple experimental characterization. In this paper, it is shown that the SSPs can be used in the
design of metamaterial absorbers. Due to the image effects of the backing metallic surface, only
one of the two short strips in the SSP is needed. For simplicity, the short strips stretch into infinity
in the polarization direction of the magnetic field components of the incident waves, as shown in
Figure 1. Only normal incidence is considered. With the periodic characteristic of the structure
taken into account, the computational model of the original structure is shown in Figure 2. It can
be seen that the computational model actually is an ideal short-ended parallel plate discontinuous
waveguide. Mode matching method is used to efficiently solve the electromagnetic response of
the strip line metamaterial absorber based on the model in Figure 2. To optimize the physical
dimensions of the absorber and the electromagnetic properties of the substrate, genetic algorithm
is used. A few examples of the optimized strip line metamaterial absorbers are presented. For the
metamaterial absorber consisting of dielectric substrate with frequency-independent permittivity
and with the substrate thickness of about 1/66\ at the center frequency of 9 GHz, the optimized
result shows 10 dB absorption bandwidth of around 0.54 GHz. The thickness to bandwidth ratio of
the metamaterial absorber is smaller than that of the physically realizable homogenous dielectric
absorbers with frequency-independent permittivity.
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Figure 1: The strip line metamaterial absorber under consideration.
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Figure 2: The computational model of the metamaterial absorber in Figure 1.
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Tunable Effective Permittivity of Carbon Nanotube Composites and
Applications as EM Smart Materials

L. Liu, L. B. Kong, and S. Matitsine
Temasek Laboratories, National University of Singapore, 117508, Singapore

Abstract— Carbon nanotubes (CNTs) have been developed in the last decade. Due to their
fibrous shape, CNTs may allow high permittivity and frequency dispersion to be obtained in
composites with low concentrations [1]. The significant difference is that CNTs are nanoscaled
particles whose diameter is several orders of magnitude smaller than that of carbon fibers (typ-
ically about 10 um). It is well known that the nanosized particles usually display distinct prop-
erties from microsized particles of the same composition, which is the primary reason for the
great attention currently given to the high frequency performance of CNTs composites. In addi-
tion, the use of CNTs with nanoscaled dimension may avoid the drawbacks of composites filled
with short CF, such as anisotropic properties due to orientation of included fibers and bonding
problems with the holding matrix.

Composites with CNTs as inclusions were prepared and the dielectric properties under bias
voltages were studied. It was found that the composites with weight concentrations of CNTs
above 6 wt% exhibited tunable dielectric characteristics under external applied bias voltage, with
real part decreasing while imaginary part increasing with increasing applied voltage [2]. The
tunable properties may be understood from the percolation threshold point of view. The tunable
permittivity of the CNTs composites may have potential applications in electromagnetic smart
materials and structures. Smart materials normally use pin diodes to realize on-off switch. One
of the drawbacks of pin diodes is their relatively weak tolerance to high current or power, which
is usually encountered in practical applications. A possible solution is to use a small piece of
CNT composite with higher power handling capability to replace pin diode.
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Cherenkov Radiation in a Waveguide Partially Loaded with
Anisotropic Double-negative Metamaterials

Zhaoyun Duan', Bae-Ian Wu?, Jie Lu?, and Min Chen?
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Abstract— Currently, a DNM is composite medium with different materials such as the metallic
strips for the SRRs and rods/dielectric materials for holding the strips. Therefore, the DNMs are
in essence anisotropic rather than isotropic. A charged particle in a waveguide fully filled with
such an anisotropic DNM will lose energy by polarization radiation in addition to Cherenkov
radiation (CR). The polarization losses are actually responsible for the greater part of the energy
loss and the particle is quickly brought to stop. Hence, it might be better to leave a vacuum
channel in the center to allow the particle to pass. As a result, the polarization losses can be
avoided. In this paper, a general CR theory in anisotropic DNMs is presented, especially for the
case of an empty waveguide partially filled with anisotropic DNMs. The theory presented here
provides a theoretical basis for possible experiments and potential applications. As an example,
we discuss the physical properties of CR and the potential applications such as particle detectors
and high-power sources.
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Abstract— Previous theoretical work [1] showed that Reversed Cerenkov can be observed in
negative index metamaterials for transverse magnetic (TM) electromagnetic waves. We have
fabricated metamaterial that has negative permittivity in two dimensions and negative perme-
ability in the third dimension [2] and experimentally verify the negative refraction behavior of
it. This TM metamaterial shows a pass band between about 8.5 GHz and 9.5 GHz. Through
the prism experiment in which a beam is normally incident on to the prism composed of such
metamaterial, we measure the refraction angle for the waves emitting from the hypotenuse, and
negative refraction is observed between 8.5 GHz and 9.5 GHz.
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Review of Cherenkov Radiation in Double-negative Metamaterials
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Abstract— In this paper, we briefly review the research progress in Cherenkov radiation in
double-negative metamaterials (DNMs) since the first experimental verification of the DNMs
was reported in 2001, from the theoretical research, numerical simulation to experimental design.
And then we pursue on discussing the potential applications to particle detectors and high-power
microwave or millimeter wave devices, including oscillators and amplifiers. At last, we conclude
the challenges and benefits from the use of the novel artificial materials.
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Introduction to the Re-locatable Atmospheric Observatory in China

Xiong Hu and Jiancun Gong
Center for Space Science and Applied Research, Chinese Academy of Sciences
Beijing 100190, China

Abstract— The atmospheric environment in the near space (20-100km) plays a significant
role in the energy and momentum coupling between the upper atmospheric space weather and
the lower atmospheric meteorology. In order to exploring the near space atmosphere, a Re-
locatable Atmospheric Observatory (RAO) has been being developed in China. In this RAO,
there are a Sodium wind/temperature lidar for measuring the atmospheric wind, temperature
and Sodium density profiles of the Sodium layer within 75-110km, and a mobile Doppler wind
lidar for measuring the atmospheric wind profile from the near earth surface up to 40km, and
a mobile FP wind interferometer for measuring the horizontal winds near mesopause region,
and an all-sky airglow imager for exploring the gravity waves over the mesopause region, and a
Medium-Frequency (MF) partial reflection radar for measuring the horizontal atmospheric wind
and electron density of the mesosphere and lower thermosphere within 60-100km for day time
and 80-100 km for nighttime, and a meteor radar for measuring the horizontal winds and meteor
flux within 70-110km. Besides the above ground-based instruments, the stratospheric balloon
dropsonde technique for measuring the atmospheric wind, temperature, humidity and pressure
profiles below the height of the stratospheric balloon, and the GPS rocketsonde exploring the
atmospheric wind and temperature within 20-60km are developed. All of the ground-based
instruments are designed for re-locatable so that the observatory can be moved to a new site
for new observations within a short time. This RAO will operate routinely in 2010 and provide
abundant data for the researches of the atmospheric structure and dynamics in China, which will
help to promote the empirical and physical model of the near space atmosphere and knowledge
of the dynamical coupling among the atmospheric layers.
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Gravity Wave Observations in the Tropical Mesosphere

Robert A. Vincent, Sujata Kovalam, and Iain M. Reid
School of Chemistry and Physics, University of Adelaide, Adelaide, SA 5005, Australia

Abstract— In January and February 2006 a major field campaign (TWP-ICE) was undertaken
in Darwin (12S, 131E), Australia. As part of this campaign a meteor radar operating at 33 MHz
and a 54-MHz boundary layer (BL) radar were installed in Darwin to study atmospheric motions
during TWP-ICE. The high temporal and spatial resolutions of the radars were used to study
gravity wave (GW) motions and compare with predictions made by a high-resolution numerical
model. The model is initiated by latent heat release measurements derived from weather radars
located in the Darwin area. Output from the numerical model is then tested against gravity wave
measurements made with the BL and meteor radars. For the meteor radar comparisons GW ray
tracing techniques were used to investigate propagation of waves from the troposphere to the
mesopause region at 85-92 Km. We show that there is large temporal variation in wave activity
due to the presence of a strong two-day wave as well as diurnal and semidiurnal tides. Despite
these variations there is good agreement between the mesospheric wave activity predicted by the

model/ray tracing results and the GW flux observations made with the meteor radar.
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Ground Based Radar for Observations of the Atmosphere

Iain Reid! 2

LATRAD Pty Ltd, 1/26 Stirling Street, Thebarton 5031, Australia
2School of Chemistry and Physics University of Adelaide, Adelaide 5005, Australia

Abstract— Radar can be used to make measurements of the dynamics, structure and tempera-
ture of the atmosphere by detecting irregularities in refractive index due to variations in humidity
and temperature in the lower atmosphere (0—20 km), and due to variations due to fluctuations in
electron density in the Mesosphere Lower Thermosphere (MLT') region of the upper atmosphere
(50-110 km). MF and HF radars have been used to routinely investigate the MLT for over 50
years. They remain one of the few radar types to reliably provide measurements of the winds
and structure of the atmosphere in the region between 50 and 80 km. Wind Profiling Radars
operating in the VHF band have been used for about 25 years to investigate the Stratosphere
Troposphere (ST) region, but only routinely in the last 15 years. Considerable development has
occurred within the past decade and a number of rocket launch sites now utilize Wind Profilers for
launch support. They are also becoming increasingly common for airport operations. A variant
of the wind profiling radar, the MST or Mesosphere Stratosphere Troposphere radar can be used
with high transmitter powers to investigate the 60 to 80 km height region of the atmosphere,
but generally only during daylight hours and with intermittent height and time coverage. Radars
operating in the VHF and UHF bands are now commonly used in Boundary Layer (BL) studies
and in forecast meteorology. Most recently, the meteor radar technique has been re-birthed in
the form of all-sky interferometric radars operating in the 30 to 60 MHz band. These particular
radars are being exploited for the measurement of temperature in the MLT-region of the atmo-
sphere and for meteor radiant studies. Here we briefly describe some recent developments in each
of these types of radar.
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Meteor Radar Observations at Adelaide, Darwin and Davis Station

Daniel McIntosh?, Iain Reid! 2, Robert Vincent?,
Andrew Klekociuk?®, and Damian Murphy?

LATRAD Pty Ltd., 1/26 Stirling Street, Thebarton 5031, Australia
2School of Chemistry & Physics, University of Adelaide, Adelaide 5005, Australia
3Australian Antarctic Division, Channel Highway Kingston, Tasmania 7050, Australia

Abstract— Recently, the meteor radar technique has been re-birthed in the form of all-sky
interferometric radars operating in the 30 to 60 MHz band. A great many of these radars are
now installed in all latitude ranges. They radars are being exploited for the measurement of
temperature and winds in the MLT-region of the atmosphere and for meteor radiant studies. In
this paper, we focus on measurements of winds and temperatures using meteor radars located at
Darwin (12°S), Adelaide (35°S) and Davis Station (69°S). We compare dual frequency meteor
radar operation at Adelaide and Davis Station, and consider single frequency operation at Darwin.
Using various pressure models to determine the temperature from the diffusion of the meteor trails
indicates a significant difference in values determined using very similar radars using the same
analysis schemes and operating at frequencies near 33 and 55 MHz. The reasons for this difference
are explored. The results compared with a variety of other estimates of temperature derived from
AURA and SABER satellite measurements, from rotational temperature measurements derived
from observation of the OH nightglow and from rocket climatologies. Wind velocities measured
with the meteor radars and collocated MF radars at Adelaide and Davis Station give particular
insight into the particular strengths and weaknesses of each technique. There is a tendency for
the MF radar wind speeds to be underestimates of the meteor radar derived wind speeds. There is
good agreement in wind direction. Finally, we also briefly consider the sampling issues associated
with the meteor radar technique.
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Meteor Radar Observations at Hainan Island

Jiankui Shi' and Iain Reid??

LCenter for Space Science and Applied Research, Chinese Academy of Sciences
P. O.Box 8701, Beijing 100080, China
2ATRAD Pty Ltd., 1/26 Stirling Street, Thebarton 5031, Australia
3School of Chemistry & Physics, University of Adelaide, Adelaide 5005, Australia

Abstract— Recently, a new high power (20KW) all sky 38.9 MHz meteor radar has been
installed at Fuke, on Hainan Island (19.5°N, 109.1°E), China. This radar regularly obtains count
rates in excess of 30,000 per day, making it one of the most capable all sky meteor radars in the
world. A similar but lower power (12 KW) radar is operated at Darwin (12°S, 131°E), Australia.
In this paper, we describe the Hainan Island radar and its performance, and compare the wind
measurements obtained with it with those from the Darwin radar.
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On the Diffusion of Meteor Trails

Joel Younger!, Iain Reid!?, Robert Vincent!, and Damian Murphy3
1School of Chemistry and Physics, University of Adelaide, Adelaide 5005, Australia
2ATRAD Pty Ltd., 1/26 Stirling Street, Thebarton 5031, Australia
3 Australian Antarctic Division, Channel Highway, Kingston, Tasmania 7050, Australia

Abstract— The diffusion of meteor trails has recently been exploited to estimate temperatures
in the 80-100 km region of the atmosphere. More recent modeling work suggests that meteoric
dust laid down by the trails themselves will affect the diffusion of the trails. Naturally, this will
lead to incorrect temperatures being determined. In this work, we model the diffusion of the trail
and confirm a difference in the diffusion of observed meteor trails when sorted by echo strength.
We also demonstrate a difference when echoes are sorted by height and by radar frequency. These
observational results are in agreement with our simple model.
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An Investigation on Properties of Ionospheric Es in Hainan Region

Jiankui Shi and Guojun Wang
State Key Laboratory of Space Weather, Center for Space Science and Applied Research
Chinese Academy of Sciences, Beijing 100190, China

Abstract— In this study, using the DPS-4 digisonde data obtained in Hainan ionosphere
observation station from March 2002 to February 2008, diurnal, seasonal and annual occurrence
variations of the observed Sporadic E (Es) and its responding to the SSN are studied. The main
results are as: The diurnal characteristic of h/c type Es had a single peak which was different
from the double peak of the Es over Cachoeira Paulista, and the Es-q had two peaks (one in
the morning and the other in the evening) which was also different from the Es-q occurrence
(mainly in daytime) over Fortaleza, Brazil. The frequent season was spring, summer, summer
and autumn for the f/1, h/c, q and r type Es, respectively. For the annual occurrence rate, the
highest was f/1 type Es, while the lowest was r type Es. The {/l and q type Es showed a clear
increase with SSN and had a positive correlation with SSN during equinoxes and winter, while
during summer the each type of Es showed no correlation with SSN. The mechanisms of the Es
are also discussed.
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Observation of Dynamics in the Mesosphere and Lower

Thermosphere with the MU Radar Ultra-multichannel Meteor

Observation and Optical Instruments

Takuji Nakamura', Masaki Tsutsumi?, Takuya D. Kawahara?®,
Kazuo Shiokawa?*, and William E. Ward®

'Research Institute for Sustainable Humanosphere
Kyoto University, Uji, Kyoto 611-0011, Japan
2National Institute of Polar Research, Tokyo, Japan
3Faculty of Engineering, Shinshu University, Nagano, Japan
4STE laboratory, Nagoya University, Toyokawa, Aichi, Japan
5University of New Brunswick, Fredericton, NB, Canada

Abstract— The MU radar meteor echo observation with 1 MW transmission power at 46.5 MHz
and large array antenna (8300m?) has been used to derive precise horizontal wind velocities in
the MLT region (80-100 Km). A new receiving system with a 29 digital quadrature detection was
attached to the MU radar in 2004. We have applied the new MU radar system for meteor echo
observation. Coherently integrated 25 channel receiving signals improved the SNR of meteor
echoes significantly, and meteor echo number became as large as 50,000 per a day, which is
about five times of previous meteor observations with the MU radar. The high-rate meteor
echoes were utilized to detect horizontal distribution of wind velocity field of about 50 Km scale.
The limited area for determining wind velocity significantly changed the characteristics of wind
velocity variation within the field of view (FOV) of 300-400 Km, and enabled to detect wind
perturbations due to horizontally propagating waves such as gravity waves. The comparison
with the airglow imaging by OMTI (Optical mesosphere thermosphere imagers) has shown that
similar wave structures were observed both the radar and the imager, suggesting capability
of simultaneous observation of an identical wave. A sodium temperature lidar has also been
extensively operated since August 2007 in order to derive atmospheric stability of the background
of the wave propagation. Combined airglow, radar and lidar observations have shown the details

of a shear instability and a related mixing event at the MLT region.

A campaign observation with the MU radar, Na lidar and airglow instruments has been carried
out between August and November 2008. A new Michelson interferometer imager (MIADI:
Michelson interferometer for airglow dynamics imaging) for Doppler velocity mapping, as well
as an additional all-sky imager with about 50 Km distance for triangulation of airglow height
structure has joined the campaign as well as the above mentioned instruments. Initial results of

the campaign will also be reported in the paper.
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Study of Ionospheric Irregularity in the Midlatitude E-region with
Portable Radar and Other Instruments

Mamoru Yamamoto
Research Institute for Sustainable Humanosphere (RISH), Kyoto University, Japan

Abstract— We have been studying field-aligned irregularities (FAIs) in the mid-latitude iono-
sphere with variety of instruments. Portable VHF radar is a powerful tool for the study especially
when it is used with other instruments like sounding rockets or the MU radar. SEEK-1 and -2
were both observation campaigns with sounding rockets that aimed to investigate structures of
sporadic-E layers and associated FAIs. Portable VHF radars were used to monitor to determine
the launch condition of the rockets, and gave important information of FAIs, i.e., echo structures
and/or drift velocity of ionospheric plasma. We also conducted observations campaigns called
FERIX-1 and -2 to study coupling processes between F-region and E-region ionosphere through
the geomagnetic field line. In these observations, F-region FAIs were observed by the MU radar
while portable VHF radar was used to measure E-region FAIs on the same field line. Radar
imaging technique was utilized to show small structures in the FAIs. In all these studies the
portable VHF radar played a key role. We would review these observations, and show results
from them.
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Comparison of Simultaneous Wind Measurements Using Colocated
All-sky Meteor Radar and MF Spaced Antenna Radar Systems

Jinsong Chen, Lei Zhao, Zhenwei Zhao, and Jian Wu
China Research Institute of Radio Propagation, Qingdao 266107, China

Abstract— An all-sky meteor radar and a MF spaced antenna radar have been installed to mea-
sure winds in the mesosphere and lower thermosphere (MLT) over Kunming (103.7°E, 25.6°N),
China in 2007 by CRIRP (China Research Institute of Radio Propagation), and that provide us
an opportunity to carry out a comparison study of winds measured by two different techniques.
The first method involves the determination of winds using meteor drifts, and the second method
used to determine winds was the spaced antenna technique. The two radar systems are indepen-
dent, the all-sky meteor radar operating at 37.5 MHz and MF radar at 2.138 MHz. The spatial
separation of the two radars is approximately 200 m. Simultaneous data obtained from Septem-
ber 20 to 30, 2008, are presented here, and this paper will describe a preliminary comparative
result derived by these two radars. Several possible reasons for those discrepancies are discussed
also.
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Imaging and Communication through Random Multiple Scattering
Media

Akira Ishimaru, Sermsak Jaruwatanadilok, and Yasuo Kuga
Department of Electrical Engineering, University of Washington
Seattle, WA 98195, USA

Abstract— Imaging through random multiple scattering environments is important in medical
detection in biological media and in imaging of hidden objects in obscuring environments. The
key questions are how the resolutions in lateral and longitudinal directions are affected by the
random medium. In recent years there has been increasing interest in using correlation and signal
processing techniques to distinguish images from clutter. This paper discusses several imaging
techniques applied to objects in random media. They include angular and frequency correlation
techniques and ordinary beam forming, Capon’s method and MUSIC (Multiple Signal Classifi-
cation). Time-space MUSIC applied to a random medium is discussed showing the effects of the
random medium on lateral and longitudinal resolutions and multiple targets. Communication
channel capacity is greatly affected by the intervening multiple scattering medium. This paper
discusses the effects of random media on MIMO channel capacity in terms of the antenna gain
characteristics, stochastic Green’s functions, and mutual coherence functions (MCF). MCF for
random distributions of scatterers is given in terms of the optical depth, albedo, and the phase
functions of scatterers. MCF for a turbulent medium is given in terms of power spectrum such as
Kolmogorov and the structure constant. Channel capacity is formulated in terms of transmitted
power, eigenvalues of channel correlation matrix, normalization factor, and signal-to-noise ratio.
As an example, the channel capacities for a 60-GHz channel through rain are calculated in terms
of rain rate, numbers of transmitter and receiver antennas, noise power, and signal-to-noise ratio.
These formulations for imaging and communication in a complex random environment combine
the existing imaging and communication in deterministic media and propagation in multiple
scattering random media and lead to better understanding of the physical processes of realistic
imaging and communication.
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Peculiarities of the Spatial Spectrum of Scattered Electromagnetic
Waves by Anisotropic Collisional Magnetized Turbulent Plasma
Layer

G. V. Jandieri', A. Ishimaru?, V. G. Jandieri®>, A. G. Khantadze?, N. Kh. Gomidze!,
K. V. Kotetishvili', T. N. Bzhalava'!, Sh. V. Dekanosidze', and I. S. Surmanidze'

!Physics Department, Georgian Technical University, Thilisi, Georgia
2Department of Electrical Engineering, University of Washington
FT-10 Seattle, Washington 98195, USA
3Department of Electrical and Computer Engineering, Kumamoto University, Japan
4Physics Department, Faculty of Exact and Natural Sciences
Thilisi State University, Thilisi, Georgia

Abstract— In the last years scintillation has found many applications in Radio-astronomy,
Space-based radar systems and the diverse phenomena observed have provided a powerful stim-
ulus to theoretical developments. The ionospheric scintillation study comes from its significant
impact on satellite radio communications. Scintillation in phase is, for example, observed in
interferometric observations when small-scale ionospheric irregularities cause phase difference in
the signals received between the different interferometer elements. Power spectral studies of
amplitude and phase scintillations is used to obtain information about the power spectrum of
ionospheric irregularities, which give rise to a variety of scintillation phenomena, as well as the
irregularity drift speeds transverse to the signal path. It has been established that the absorption
of HF electromagnetic waves caused due to particles collision in turbulent magnetized plasma
leads to a substantial distortion of an angular distribution of the scattered field.

The present paper reports the results of an analysis of statistical characteristics (correlation,
structure functions, scintillation coefficients) of the spatial spectrum of multiply scattered elec-
tromagnetic waves by turbulent anisotropic collision magnetized ionospheric plasma layer which
is related to fluctuations in the radio refractive index in the F-region are investigated analytically
and numerically for both power-law and anisotropic Gaussian correlation functions of electron
density fluctuations using complex geometrical optics approximation and smooth perturbation
method. Frequency fluctuations of scattered radiowaves being the natural factor limiting accuracy
of measurement of radial speed of space vehicles in a turbulent layer is considered. Analytical
expression for polarization angle caused by ordinary and extraordinary waves is obtained and
is shown strong dependence on a spectral index. The influence of the distance, both from the
emitter to the upper boundary of anisotropic turbulent plasma layer, and from lower boundary
to the receiver, the factor of anisotropy and the angle of inclination of irregularities with respect
to geomagnetic field on the statistical characteristics of multiply scattered radiation are studied
for F-region of the ionosphere.
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Propagation and Localization of Random Cylindrical Waves in

Two-dimensional Random Medium

Rui Ding and Ya-Qiu Jin
Key Laboratory of Wave Scattering and Remote Sensing Information (MOE)
Fudan University, Shanghai 200433, China

Abstract— A stochastic functional approach is developed to study propagation and localization
of random cylindrical waves in two-dimensional (2D) homogeneous and isotropic random medium.
The random wave is expressed in terms of Hankel functions with stochastic linear coefficients, and
the random medium is derived as a Fourier integral form with a narrow band spectrum centered
at 2k, where k is wave number.

It is demonstrated that the random cylindrical wave exists as a stochastic angular mode because
of the rotational symmetry of the medium. The asymptotic wave solution for different angular
quantum numbers, while demonstrating different phase properties, has the same amplitude expo-
nential factor exp(vykr)/ Vkr, v = a + i3, where the average exponential coefficient v is given in
terms of the spectral density of the random medium. This exponential behavior due to « in the
amplitude indicates the localized nature arising from the multiple Bragg scattering in random
medium. For a narrowband medium with the variance o2 and the spectral bandwidth § = kA,
7 is found to be proportional to ko?/v/A, as a comparison of ko?/A in 1D case. Numerical
simulations show the difference between the waves in random and non-random media, and well
match analytic results.
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Effect of Rainfall on Millimeter Wavelength Radio in Gough and
Marion Islands

P. A. Owolawi, T. J. Afullo, and S. B. Malinga
University of KwaZulu-Natal Durban, P. O. Box 4000, South Africa

Abstract— With increasing spectrum occupancy and demand of high bandwidth for evolution
of complex radio access network, the needs to explore the blessing of millimetric wave band
become imperative. The advantages of the band are: large spectrum availability, high frequency
reused potential, small antenna and equipment size.

Due to the biological diversity and environmental uniqueness of both islands which make them
a main attraction for both tourists as well as scientific researchers, need for data transfer, video
and voice communication has become inevitable. The millimeter wave spectrum at 30-300 GHz
may be of great interest in these islands and also to service providers and systems designers
because of the wide bandwidths available for communications at these frequencies. Such wide
bandwidths are valuable in supporting applications such as high speed data transmission and
video distribution.

A millimeter wavelength radio system is largely influenced by attenuation due to rainfall rate. In
order to predict reliable rain attenuation for both islands, it is therefore essential to determine
characteristics of rainfall rate at the location of interest which is geographically dependent. In this
paper, new-hybrid approach is attempted to convert the rainfall from five-minute integration time
to one-minute integration time for the calculation of rain attenuation. The paper also includes
Cumulative distributions, seasonal variability, and worst month of rainfall rate for the islands.
Consequently, new rain climatic zones are suggested and the relationship between average year
(AY) and average worst month (AWM) are obtained.
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Comparison between Mixing and Pure Walfisch-Ikegami Path Loss

Models for Cellular Mobile Communication Network

Supachai Phaiboon' and Pisit Phokharatkul®

!Electrical Engineering Department, Faculty of Engineering
Mahidol University, Salaya, Nakhorn Pathom 73170, Thailand
2Computer Engineering Department, Faculty of Engineering
Mahidol University, Salaya, Nakhorn Pathom 73170, Thailand

Abstract— This paper presents a method to apply the popular Walfisch- ITkegami model. We
classified 2D aerial images taken from the actual areas into small grids of sub-areas to determine
the environment category of each grid area and then provided suitable path loss models for those
grids including the Walfisch-Tkegami model. This make prediction provides high accuracy for
overall area. We performed measurements at a frequency of 800 GHz in band of a cellular mobile
CDMA 2000. The equipment for propagation measurement consisted of a fixed transmitter and
a portable spectrum. The fixed transmitter consisted of a signal generator (with 18 dBm power
output) and a horn antenna. We used a half wave dipole antenna for signal strength measurement
via a recorder and then plotted path loss contour on the aerial images of 5 different areas namely,
den-urban, urban, first sub-urban, second sub-urban, and forest areas. Comparison between the
proposed method and the conventional Walfisch-Tkegami model provide a good agreement.
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Variation of Gravitational Mass in Electromagnetic Field

Z.-H. Weng' and Y. Weng?

'School of Physics and Mechanical & Electrical Engineering
Xiamen University, Xiamen 361005, China
2College of Chemistry & Chemical Engineering
Xiamen University, Xiamen 361005, China

Abstract— The equality of the inertial and gravitational masses is being doubted all the time.
And the equality of masses remains as puzzling as ever. However, the existing theories do not
explain why the gravitational mass has to equal the inertial mass, and then do not offer compelling
reason for this empirical fact. The paper attempts to reason out why there exists the equality of
masses in most cases, even in the electromagnetic field.

The equality of masses has not been validated in the electromagnetic field. Some experiments for
the equality of masses have been performed. But all of these verifications are solely constrained
to be in the range of weak gravitational strength, and have not been validated in the strong
gravity nor in the electromagnetic field. So this puzzle of the equality of masses remains unclear
and has not satisfied results. The paper carries out the gravitational mass will be varied in the
strong strength by capture or release the energy density of the electromagnetic field.

The electromagnetic field can be described with quaternions. In the treatise on electromagnetic
field theory, the quaternion was first used by J. C. Maxwell to demonstrate the electromagnetic
field. The gravitational field and electromagnetic field both can be illustrated by the quaternion,
but they are quite different from each other. We add another four-dimensional basis vector to the
ordinary four-dimensional basis vector to include the feature of gravitational and electromagnetic
fields.

The gravitational mass changes with the electromagnetic strength, and has a small deviation
from the inertial mass. The variation of gravitational mass has a limited effect on the motion
of the large-mass particle, because the variation of gravitational mass is quite small. Therefore
the equality of masses is believed to be correct in most cases. However, when there exists a very
strong electromagnetic strength, the variation of gravitational mass can become very huge, and
then has an impact on the motion of the low-mass charged particle obviously.
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Observation of a Non-conventional Influence of Earth’s Motion on
the Velocity of Photons, and Calculation of the Velocity of Our
Galaxy
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Abstract— We operated a stationary Michelson-Morley interferometer during two consecutive
years (2003-2005) in Bogotd, Colombia. An interferometer of equal 2.044 m long arms was placed
on top of a massive 13,000 kg concrete table, pneumatically damped to avoid external vibration.
The interference fringes were produced using a stable green light laser (YAG doubled), and the
interference pattern (IP) was continuously observed by a video camera, on top of the name table,
that was sampled every minute, for a total of 1,440 patterns per day. Every datum was stored in
a computer standing outside the table to avoid unwarranted vibration. We used 20 sets of data,
each one extending over several days, around the middle of each month.

The pixel-positions of 2 or 3 dark fringes were determined in every IP, and the average displace-
ment relative to the position of a reference IP, typically at midnight, was plotted as a function
of civil local time. There are striking 24-hour periodicities, and the fringe-shift amplitude is very
significant. Of course, a large part of this periodic variation is due to the periodic 24 hour en-
vironmental variation of temperature, humidity and pressure. After subtracting these unwanted
effects, there is still a 24-hr periodic residual that is no longer correlated to the environmental
variables. The amplitude of the residual varies from month to month, but is around 4 fringes,
i.e., 2 wavelengths.

There is a significant correlation between the daily fringe-shift residuals for each month and the
motion of the earth orbiting the sun, which hints to a possible dependence of the velocity of light
in our terrestrial laboratory and the velocity of the earth. Of course, such result is contrary to
current theory. As a working hypothesis, a simple classical pre-relativistic model was adopted:
the velocity of light is constant relative to a preferred frame of reference.

Our data was used to calculate the velocity of the sun relative to such frame, by finding the
velocity vector maximizing the correlation R between the 12 average monthly sets of data and
the predictions of our model. A maximum average R = 0.71 (std. dev. 0.15) obtains for solar
motion V' = 365km/s, R.A. = 81°=5h-24m, Dec = +79° towards the northern apex, or in
galactic coordinates (I, b) = (134°, 23°). For comparison, earth’s velocity with respect to the
CMB is V =365+ 18km/s, (I, b) = (265°, 48°). It is a remarkable coincidence that we obtained
the same speed.

Motion of our sun with respect to the centroid of our local group (LG) is the vector sum of (a)
solar orbit around the center of our galaxy, (b) peculiar motion with respect to previous orbit,
and (c¢) motion of our galaxy towards LG, yielding a net solar motion V' = 264 km/s, in direction
(I, b) = (92.23°, —1.67°), and thence a velocity of our LG with respect to the preferred frame
V =269km/s, (I, b) = (185°, +33°). For comparison, the LG moves with respect to the CMB
in direction (I, b) = (77°, +30°). It appears that our velocity is approximately at right angles
(108°) with respect of the motion of the LG relative to the CMB. It is rather surprising that
an optical experiment on the earth can detect the right order of magnitude of the speed of our
galaxy.
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Determination of Speeds of Light in Vacuum for Different (Galilean
Reference Systems

Namik Yener
Technical Education Faculty, Kocaeli University
Umuttepe Campus, Izmit, Kocaeli 41380, Turkey

Abstract— Having established in a previous article that the postulate of the constancy of speed
light of Special Relativity Theory is false in general, we investigate a procedure to determine the
different speeds of light in vacuum for different Galilean reference frames attached to a particular
electromagnetic system. As it was done in the previous paper, we consider a modified Lorentz
transformation incorporating different speeds of light for different inertial frames, and based on
it we examine two media that are observed from the two reference systems, to be simple and
lossy. In other words, we consider an electromagnetic system that consists of a rest frame (to be
denoted by K), constituted by a simple medium but with loss, and a frame (to be denoted by K')
in uniform rectilinear motion with respect to the first, wherein another simple, lossy medium fills
the half space such that the interface of the two media is an infinite plane, perpendicular to the
direction of motion of K’. The electromagnetic fields are derived for the electromagnetic system
in hand and using the boundary conditions on the plane interface of the two media, a relation is
derived, using which together with a relationship obtained in above mentioned paper, we obtain
the speeds of light in vacuum for the two inertial reference frames. The speeds found, are functions
of the material properties of the two media such as conductivity, magnetic permeability, dielectric
permittivity, frequency, and the relative speeds of the reference frames. This result suggests that
speed of light in vacuum for a particular inertial reference frame is merely a constant and the
expectation that it be independent of material properties of the media, frequency, and the relative
speeds of the reference frames is not necessarily true, at least where Special Relativity Theory
fails to account for the loss in the system. The results of this work are a direct consequence of
the above mentioned paper in which Special Relativity Theory is negated.
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Tunable TE/TM Wave Splitter Using Symmetric Gyrotropic Slab

Hui Huang!?, Yu Fan!, Bae-Ian Wu?, and Jin Au Kong?

1School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044, China
2Research Laboratory of Electronics, Massachusetts Institute of Technology
Cambridge, MA 02139, USA

Abstract— A TE/TM wave splitter composed of a gyrotropic slab is proposed. We demonstrate
theoretically that, when the working frequency is chosen to be within one of the two ranges, total
reflection occurs at the boundary of a slab of gyrotropic medium for either TE or TM component
of the incident waves. Tuning can be done by choosing the working frequency band or adjusting
the applied magnetic field. Furthermore, within the TE-stop or TM-stop frequency region, if
the incident angle is selected appropriately, the other polarized component of the wave is totally
transmitted. And we also show that when the slab is thicker, there are more possibilities to
satisfy the full-pass condition. Finite-element method simulations verified the theoretical results.
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A New Algorithm for Electrical Impedance Tomography Inverse

Problem

T. K¥iz and J. Dédkova
Department of Theoretical and Experimental Electrical Engineering
Brno University of Technology
Kolejni 2906/4, Brno 612 00, Czech Republic

Abstract— This paper proposes new techniques to solve the electrical impedance tomography
(EIT) inverse problem. Usually, a set of voltage measurements is acquired from the boundaries of
an investigated volume, whilst this is subjected to a sequence of low-frequency current patterns.
In principle, measuring both the amplitude and the phase angle of the voltage can result in images
of the electric conductivity and permittivity (impedivity) in the interior of a body. Alternating
current patterns are preferred to DC to avoid polarization effects. In the usual frequency range
(below 1 MHz) the field can be considered a steady current field, which is governed by the Laplace
equation. It is well known that while the forward problem is well-posed, the inverse problem is
nonlinear and highly ill-posed. The recently described methods are based on deterministic or
stochastic approach to solve mainly 2D problems. The aim of this paper is to present new way
for a successful image reconstruction to obtain highquality reconstruction in EIT 2D problems.
Numerical results of the reconstruction based on new methods are presented and compared.
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FEM Analysis of HF Magnetic Field Deformation Near Conductive
Samples

J. Dédkova, T. K#iz, and M. Steinbauer
Department of Theoretical and Experimental Electrical Engineering
Brno University of Technology, Kolejni 2906/4, Brno 61200, Czech Republic

Abstract— The aim of this paper is to present an effective way for numerical simulations and
measurement problems of high-frequency magnetic fields deformation in the surround conducting
samples of selected shapes. We consider both the magnetic conductive and electrical conductive
materials. There are shown the physical, mathematical and numerical models for the simulation
of deformation HF field. There is providing influences of sample dimensions, material properties,
working frequency to results of numerical simulation. For the special cases these numerical results
are compared with analytical results.
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Utilization of Faraday Mirror in Fiber Optic Current Sensors and

Experiments

P. Drexler, P. Fiala, and R. Kadlec
Department of Theoretical and Experimental Electrical Engineering
Brno University of Technology, Kolejni 2, Brno 612 00, Czech Republic

Abstract— This paper proposes novel techniques to measure of a pulsed magnetic field. Fiber
optic sensors dispose of some advantages in the field of electrical current and magnetic field
measurement, like large bandwidth, linearity, and light transmission possibilities. Although they
suffer from some parasitic phenomenons, the crucial issue is the presence of induced and the
latent linear birefringence, which is imposed by the fiber manufacture imperfections as well as
a mechanical stress by the fiber bending. In order to the linear birefringence compensation a
promising method was chosen for the pulsed current sensor design. The method employs an
orthogonal polarization conjugation by the back direction propagation of the light wave in the
fiber. The Jones calculus analysis presents its propriety. An experimental fiber optic current
sensor has been designed and realized. The advantage of the proposed method was proved
considering to the sensitivity improvement. There are presented some experiments with these
measurement methods.
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Change Detection in the Video Sequences with Small Density of

Information

P. Fiala, T. Jirkd, and R. Kubasek
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Abstract— This article deals with the principles of basic detection methods usable for the
specific dynamical objects in the image data. These methods are designed in accordance with
passive location, where there is no interaction between the sensor and the tracked object. The
methods become even more significant in, for instance, the applications of microscopic-size objects
detection (material particles) or particles groups detection in the field of plasma research using
commercial devices only.
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A Numerical Model of Relativistic Pulsed Power Generator

P. Fiala and T. Jirku
DTEEE FEEC BUT
Kolejni 2906/4, Brno 61200, Czech Republic

Abstract— This paper proposes the numerical model of a relativistic generator. The gen-
erator conception is based on the Cherenkov electromagnetic radiation used on vacuum diode.
This work solves an elektromagnetic field analysis and a particles moving in basic parts of the
diode construction and tests the design like a numerical tool and compares the results with the
experimental diode design. The verification of the pulsed power generator was done. There were
built a numerical model and parts of generator like an analytical model. There were tested the
generator parameters and numerical results were verified by the experimental tests. The final
generator test proved its function and rightness of the applied numerical model.
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Tuned Structures for Special THz Applications

P. Fiala, E. Gescheidtova, and T. Jirku
Brno, FEEC BUT, UTEE, Kolejni 2906/4, Brno 612 00, Czech Republic

Abstract— The aim of this paper is to present a new research in the special structures used
for THz applications. The practical application is focused on an impedance matching of the
basic THz structure for the wave transformation. The element produced by nanotechnology was
numerically modeled and the analysis of obtained results was used for the following change of
the design. The final design was prepared for the mid-infrared and long-infrared wavelength ap-
plications. According to the result interpretation was prepared the basic design for experimental
manufactures of the first prototype these nanostructure elements.
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Improving of Ray-tracing Method for Numerical Modeling of

Lighting Systems

R. Kadlec, E. Kroutilova, and P. Fiala
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Abstract— This paper deals with the possibilities of applying numerical modeling in the process
of calculation of illumination. Within the description of these possibilities, the basic principles
of the most widely applied numerical methods are presented, and the resulting overview is com-
plemented with an evaluation of the main advantages and drawbacks to the application of the
discussed methods as theoretical introduction. For the selected method of ray-tracing, a numeri-
cal model was prepared using the MatLab program, and the results were experimentally verified
by measurement.

Ray-tracing is a realistic imaging technique of monitoring a ray. This method is based on a global
illumination model, where we imagine the scene as a set of objects and sources of light. Rays,
which propagate between the sources of light and the scene, are determined by the direction,
color, and intensity.

Acquired experimental results are portrayed and compared with the results of numerical mod-
elling. Based on the obtained data, the conclusion to the paper then presents an evaluation
of the ray-tracing method applicability for the numerical modeling of lighting systems and an
evaluation was performed of the advantages and drawbacks to the method.

Today, there are strict requirements placed on the illumination of interiors and exteriors; for
example, the ambient light level must fulfill the limits stipulated by the respective hygiene au-
thorities. In this respect, it is important to mention the fact that illumination designs will be
further facilitated by improvements introduced into program design methods. The present study
deals with the numerical modeling of lighting systems applying a concrete numerical modeling
technique.
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Segmentation of NMR Slices and 3D Modeling of
Temporomandibular Joint
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Abstract— NMR images serve the purpose of following the development and quantitative
measurement of tissues. Segmentation can be applied to images and subsequent evaluation of
the parameters of individual regions such as circuit, area or volume in case images from several
slices are available. The paper describes the pre-processing and subsequent segmentation of
NMR images of the human head in the region of temporomandibular joint in several slices.
Image obtained by means of the tomograph used are of very low resolution and contrast, and
their processing may prove to be difficult. A suitable algorithm was found, which consists in pre-
processing the image by a smoothing filter, sharpening, and the four-phase level set segmentation.
This method segments the image on the basis of the intensity of regions and is thus suitable for
processing the above-mentioned NMR images, in which there are no sharp edges. The method
also has some filtering capability. The length of contour or the area of segmented regions can
be minimized. It is described by partial differential equations that have been transformed into
corresponding difference equations, which are solved numerically. In the next stage, segmented
slices of temporomandibular joint will be used to create a multidimensional model. A spatial
model gives a better idea of the situation, structure and properties of tissues in the scanned part
of patient’s body. Multidimensional modeling mainly represents a change in describing input
NMR data. The segmented regions need to be transformed from discrete to vector description,
i.e., the outer geometry of objects needs to be described mathematically. The paper describes
the creation procedure of the three-dimensional model of temporomandibular joint with view to

“Marching cubes” method.
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Absorbing Properties of Frequency Selective Surface Absorbers on a
Lossy Dielectric Slab

Huiling Zhao, Guobing Wan, and Wei Wan
Northwestern Polytechnical University, Xi’an, Shaanxi 710072, China

Abstract— Radar absorbing materials (RAM) are often used to reduce the radar cross sec-
tion (RCS) of a target. In order to obtain a broadband and low RCS, multilayered structures
were preferred. This will result in thick RAM and increase the weight of the target. Frequency
selective surface (FSS) absorber can be a substitute for traditional RAM. This structure utilize
both the frequency selective character of FSS and absorber property of lossy dielectric layer.
In this paper, electromagnetic scattering by patch array on a PEC backed lossy dielectric slab
was studied. The current distribution on infinite patch array were expressed by the current
on single periodic element patch according to Floquet’s theorem. After giving pertinent dyadic
Green’s function, the subdomain rooftop basis functions and a Galerkin’s procedure were em-
ployed to develop a impedance matrix for the current calculation. Each matrix elements were
obtained through several two dimensional fast Fourier transform and the patch currents were
solved through L. U. method. Computation of the radiation by the patch currents then provided
a solution for the scattered field. The calculated results were compared with experimental data
and the results show that they are in good agreement. Absorbing properties were discussed
through changing the incidence angle, periodicity, patch dimension, thickness and permittivity
of the dielectric slab.
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Direct Measurements of the c-axis Polarization in Orthorhombic
HoMnOj3; Multiferroic Thin Films

T. H. Lin!, C. C. Hsieh!, C. W. Luo', K. H. Wu!,
T. M. Uen', J. Y. Juang', and J.-Y. Lin?

!'Department of Electrophysics, National Chiao Tung University, Hsinchu, Taiwan
2Institute of Physics, National Chiao Tung University, Hsinchu, Taiwan

Abstract— We had made c-axis oriented orthorhombic HoMnOs3 mulitiferroic thin films on
Nb-doped SrTiO3 (001) substrates by pulsed laser deposition. The films displayed an antiferro-
magnetic (AFM) magnetic transition around 40 K with an apparent incommensurate to commen-
surate (ICM-CM) transition at 30 K. The dielectric constant of the films shows anomalies around
30K and reaches a maximum value around 13 K. Nonetheless, direct measurements of the tem-
perature dependence of electric polarization indicate that significant polarization emerges only
after the ICM-CM transition occurred. The results clearly demonstrate the magnetism-induced
ferroelectricity in this E-type AFM perovskite.
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On Measurements of Reflection Coefficient of RF Absorbing
Materials for Anechoic Chambers

N. P. Balabukha, V. S. Solosin, and A. S. Zubov
Institute for Theoretical and Applied Electromagnetics, RAS, Russia

Abstract— The measurement of RF absorbing materials reflection coefficient for pyramidal,
honeycomb and other similar materials used in anechoic chambers is characterized by certain
specific features. In this case, measurement results significantly depend on the parameters of a
measurement setup contrary to the similar measurements for the materials with plane boundary
surfaces. The reason is that the absorbers have predominantly diffuse component of reflection,
especially in the high frequency range. Indeed, if the given component is the only one then the
accepted power is proportional to the sector width. Hence, the measurement results depend on
the antenna radiation pattern width, the distance from the sample and the size of the sample as
follows from the analysis of the measurement data for different commercial absorbers.

Thus, it is important to have the parameter that characterizes the properties of the absorber
regardless parameters of a measurement setup.

Let us define the diffuse reflection coefficient Rq; by formula
_ Pag
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Rl = 52 (1)

where Pgs is a total power reflected by the radio absorbing material, excluding the power,
reflected in the mirrored direction and the direction of diffraction lobes, and Pj,. is the power of
the incident wave.

When receiving and transmitting antennas are the same, the relation between the diffuse reflection
coeflicient and the average power P;°¢, which is accepted by a receiving-transmitting system, is
defined by formula
PTEC S T
2 _ T av eff
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where S.g is the illuminated part of the anechoic chamber back wall.

According to the authors’ investigation, the value of R4 calculated by the formula (2) practically
does not depend on the parameters of the measurement setup. It is important that the value
R g7 defined by the formula (1) has a simple relation with anechoic chamber reflectivity level

105
w2

3)

Kagc = |R%y
where L is the distance between the quite zone and the back wall of anechoic chambers. For
many typical cases Kagc = |R\§iﬁ.

Thus, the value of Ry proves to be independent on parameters of a measurement setup and
directly related to the expected reflectivity level in the quite zone of the anechoic chamber.
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Multiple-scale Patterning of Self-assembled Monolayers via
Controlled RF-plasma Flow

Meng-Hsien Lin and Shangjr Gwo
Institute of Nanoengineering and Microsystems and Department of Physics
National Tsing-Hua University, Hsinchu 30013, Taiwan

Abstract— Integration of individual nanoscale objects into functional structures represents a
key challenge for emerging fields of nanotechnology. Especially for the interfacing of nanoscopic
devices with the macroscopic world, a large number of hierarchical and multilength-scale orga-
nization steps based on patterning and controlled assembly are required to implement practical
nanodevice applications. Recently, soft lithographic approaches such as microcontact printing,
replica molding, and nanoimprint have been developed to overcome this difficulty. The main
concerns of soft lithography are durability of stamp, uniformity of large-area processing, and
possibility of hierarchical structures. To enhance the applicability of soft lithography, we present
here our recent results based on local chemical modification of organosilane monolayers using
controlled low-power RF plasma flow. Using this technique, we have realized the controlled flow
of low-power RF plasma within the designated areas of organosilane organosilane self-assembled
monolayer (SAM) surfaces. Furthermore, we have successfully applied this method to multiple
length scales ranging from full-wafer to sub-micron scale. The optimized patterning resolution
can reach the precision of a few nanometers.
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A Scanning Quasi-optical Microwave Applicator for Advanced

Materials Processing

T. H. Chang', W. Y. Chiang', L. R. Barnett!?,
H. Y. Chang?, S. Y. Cheng?, and K. R. Chu'

!'Department of Physics, National Tsing Hua University, Hsinchu 300, Taiwan
2Material Research Laboratories, Industrial Technology Research Institute
Chutung 310, Taiwan

Abstract— A microwave applicator featuring a quasi-optical processing chamber and scanning
capability is proposed and demonstrated for the purpose of rapid, position-selective processing
of materials to meet the needs of emerging technologies. The focusing ability and high-frequency
compatibility of the quasi-optical structure make it possible to produce extremely intense radia-
tion at a focal spot where multi-layer complex materials can be rapidly treated at a differential
temperature. As a further advantage, the open space between the mirrors permits continuous
scanning of materials, thereby achieving a high degree of uniformity over a large area.

Microwave heating brings about numerous advantages over furnace heating, such as rapid heating
rate, volumetric or localized treatment, and energy savings. Existing microwave applicators [1]
invariably employ an enclosed cavity as the processing chamber. In an enclosed cavity, the
intensity of the rf field is generally low for rapid materials treatment and the size of the treated
material is limited by the size of the cavity. On the other hand, technologies of the future, such
as flexible electronic modules embedded in textiles, [2-5] often come with the critical demand
for new materials and consequently more complex processing techniques. For example, to form
multi-layer materials in which a function layer is to be densified at a high temperature and joined
tightly with organic substrate of low melting temperature, a steep temperature gradient must be
created and maintained throughout the procedure by means of rapid and selective heating of a
highly absorbing layer. This is beyond the capability of the conventional microwave applicator
in which a typical procedure can take up several tens of minutes of processing time. High-speed
microwave applicators of entirely different designs are thus required to provide a heating rate
orders of magnitude beyond the state-of-the art.

Here we report the concept and experimental demonstration of a novel applicator which com-
pletely eliminates the constraints of the conventional microwave applicator. This is accomplished
with a two-mirror quasi-optical (QO) resonator. The QO resonator operates on the same princi-
ples as the laser resonator and has been commonly used in a variety of microwave systems. By
trapping and focusing an electromagnetic wave to a spot of the dimensions of one wavelength, it
produces the maximum possible radiation intensity at a given incident power level.
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Waveform Parameter Estimation and Dispersive Material

Characterization

Qingsheng Zeng' and Gilles Y. Delisle?
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Abstract— The reflection of short duration electromagnetic pulses from dielectric media is of
interest in diverse technological applications, e.g., geophysics, material science and biomedical
engineering. In this paper, the time domain pulse reflection from a dispersive lossy dielectric
half space is investigated. The properties of a half space are described in frequency domain by
the Debye and Cole-Cole models, respectively. The two models are commonly used to capture
the relaxation-based dispersive properties. First, transient reflected pulses are analyzed and
waveform parameters are estimated for both horizontal and vertical polarizations. Then, based
on the estimation, the relationships between the waveform parameters of reflected pulses and the
properties of dispersive material as well as incident angles are discussed. Meanwhile, the results
obtained with the Debye model are compared to those obtained with the Cole-Cole model. The
application of these results to material characterization and diagnosis is explored. A practical
example is demonstrated, which is meaningful and useful in microelectronics and material science,
and validates the correctness and effectiveness of this work. Our technique is based on the
numerical inversion of the Laplace transform, leads to good accuracy, and has a simple algorithm,
short calculation time, small required memory size, readily controlled error and wide range of

applicability.
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The Fabrication of Bucky-Paper and It’s Dielectric Constants

Measurement Study in Microwave Frequency

H. Y. Miao! and J. T. Lue?

!Department of Electrical Engineering, Tunghai University, Taichung, Taiwan
2Departments of Physics, National Tsing Hua University, Hsin Chu, Taiwan

Abstract— By well-disperse suspension and filtrating, single-wall, multi-wall carbon nanotubes
(CNTs) and mix of them with different weight percentage were made as a sheet-like, A4 size thin
film material. That is so called Bucky-Paper (B. P.). B. P. presents the properties such as
semimetals examined by Hall Effect; light-weight and special electrical, mechanical properties
could be adjustable by varying different weight percentage of single-wall and multi-wall CNTs.

The property of dielectric constants of B. P. is derived by parallel plate dielectric resonator
rod method and effective medium approximation combining electromagnetic theory with exper-
iments. Same as the behavior of traditional semimetal material, B. P. presents high level of
dielectric property. The real and the imaginary part behave in an adverse tendency when fre-
quency increasing, but they both present great vibration in low frequency and get saturation
in high frequency, the critical point is at 3 MHz around. It is expected that B. P. will make a
prospect feature in application of electromagnetic field.
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The Electro-magnetic Properties of Co and Fe Films Percept from
the Coexistence of Ferromagnetic and Microstrip Resonance for a
T-type Microstrip

Yi-Chen Yeh' and Juh Tzeng Lue?

Institute of Photonics Technologies, National Tsing Hua University, Hsin Chu, Taiwan
2Department of Physics, National Tsing Hua University, Hsin Chu, Taiwan

Abstract— The large demand in communication and video applications intrigues us an im-
petus to develop the design of monolithic microwave micro-strip circuits for the use of filters
and resonators. Microwave techniques allow high sensitivity measurement of the dependence
of the conductivity of thin magnetic films on frequencies, temperatures and magnetic fields. A
permissive investigation on the resonance frequency tunable by magnetic or electric fields for
filters is desired. Ferromagnetic resonance for magnetic thin films is found to be coexisted with
the transmission resonance of a T-type microwave micro-strip at certain applied magnetic fields.
The frequency dependence of conductivity, the magnetization, and the magnetic anisotropy of
magnetic films can be eventually solved from the measured resonance frequency and quality @
factors of the resonance spectra. Equivalent resistances (R), inductances (L), and capacitances
(C) corresponding to the displayed transmission S spectra are simulated to comply with proper
values. With this equivalent circuit, an accurate determination of the magnetic properties can
be closely scrutinized.
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A Versatile Route to the Controlled Synthesis of Gold
Nanostructures

R. S. Liu!, H. M. Chen', and D. P. Tsai?

!Department of Chemistry, National Taiwan University, Taipei 106, Taiwan
2Department of Physics, National Taiwan University, Taipei 106, Taiwan

Abstract— In present study, we demonstrate a versatile route to the controlled synthesis
of gold nanoparticles that could significantly alter the resulting products with desired shapes.
To achieve controlled fabrication of nanomaterials, fundamental aspects of synthetic conditions
need to be investigated, which include amount of growth solution, introduction of foreign ions,
and reaction temperature. A mechanism corresponding to the fabrication of these multi-shaped
gold nanostructures is also proposed. The current synthetic approach and mechanism for the
generation of multi-shaped gold nanostructures may offer great opportunities for the design of
novel materials with improved optical and structural properties.
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Biomagnetic Applications Using High-transition-temperature
Superconducting Quantum Interference Devices: Status and
Perspectives

Hong-Chang Yang'! and Herng-Er Horng?

!'Department of Physics, National Taiwan University, Taipei 106, Taiwan
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National Normal Taiwan University, Taipei 116, Taiwan

Abstract— After the discovery of high-T, superconductivity, tremendous efforts have been put
into developing technologies of high-transition-temperature (high-T.) superconducting quantum
interference devices (SQUIDs) and biomagnetic applications. In this paper, we address the cur-
rent status, challenges and perspectives of high-T, SQUID-based biomagnetism. The emphasis is
specially focused on magnetocardiography (MCG), magnetically labeled immunoassays (MLIs)
and nuclear magnetic resonance and imaging (NMR/MRI). The status of high-T,, SQUIDs MCG
and the challenges encountered are addressed. In MLIs we report and discuss the metrologies us-
ing remanence, magnetic relaxation, and magneto-immunoassay reduction (IMR) measurements.
In addition, IMR without bound free separation showing both high sensitivity and specificity
is addressed for assaying biological targets. In low field NMR/MRI we report the metrology
to achieve high spectral resolution and high signal-to-noise ratio by using high pre-polarization
and flux coupling. We demonstrate the proton-phosphate J-coupling in trimethyl phosphate in
none shot and observe the proton-phosphate coupling J3[H, P] = (10.94 + 0.08) Hz in microtela
magnetic field.
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Silicon Quantum Dots Solar Cells

Shu-Fen Hu!, Chun Chi Huang?, Chang Hsueh Li?,
Ting-Wei Liao?, and Chao-Yuan Huang'

IDepartment of Physics, National Taiwan Normal University, Taiwan
Institute of Electro-Optical Science and Technology
National Taiwan Normal University, Taiwan

Abstract— A device is composed of triple quantum dots sandwiched between electrodes and
is highly sensitive to the surrounding electrostatic environment. We show that the photoelectric
effect resulting from the capture of photo-excited carriers by quantum dots produces a detectable
change in the sourcedrain resistance of the transistor. Current-voltage characteristics measured
at room temperature as a function of source-drain bias for sample device 1 under dark and
various intensities of 580 nm illumination. The photocurrent increased rapidly as the illumination
intensity increased. The dark current shows quasilinear characteristics. The photo currents
were measured under various illuminations. Dramatically an increase in the measured current is
observed across the entire bias range. Moreover, the measured current under manually chopped
visual illumination, where the illumination was switched on and off at every 5 seconds intervals
during the bias sweep. The observed I-V characteristics clearly exhibit almost complete recovery
of the device after illumination is removed. We have demonstrated photoconductive detectors can
inherently be quite efficient, since the photo carriers are produced by band-to-band absorption
in indirect band gap semiconductor.



Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009

7

Wave Fields in X-ray Fabry-Perot Resonators

S.-Y. Chen!, M.-S. Chiu!, Y.-Y. Chang!, M.-T. Tang', Yu. P. Stetsko?, H.-H. Wu!
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Abstract— Very recently cavity resonant interference patterns have been observed for X-rays
at 14.4388keV, using (12 4 0) back diffraction in monolithic silicon multi-plate Fabry-Perot type
resonators with synchrotron radiation of ultra-high energy resolution. The (12 4 0) atomic planes
act as reflecting mirrors for X-rays to produce successive reflections back and forth between two
adjacent crystal plates. Since the formation of X-ray wavefields inside the cavity and within the
crystal plate is essential for realization of cavity resonance in the X-ray regime, it is interesting

to investigate the distribution of X-ray wave fields inside the crystal devices.

Because of the involvement of X-ray diffraction from perfect silicon single crystals, the dynamical
theory of X-ray diffraction, dealing with the interaction of diffracted EM waves in periodic crys-
tal lattices, is employed to calculate the intensities of X-ray wavefields, the dispersion surface of
wavevector versus angle of incidence, excitation of mode of wave-propagation, and the intensity
distributions of transmitted and back-reflected beams. Usually, for a conventional Bragg diffrac-
tion, the dynamical theory gives the solutions to Maxwell equations, the Bloch functions, from
a complex linear eigen-value equation and appropriate boundary conditions. Due to the nature
of back diffraction, the eigen-value equation, involving second-order terms, is no longer linear. A
Cartesian coordinate representation for X-ray polarization based on the dynamical theory is then
adopted to solve the second-order eigen-value equation and perform the calculation. It is found
that standing-wave patterns and reflection phases are functions of energy and angular position.
In other words, standing waves can be tuned by slightly varying the photon energy, as well as the
angular positions of the incident beam relative to the crystal plates. Some of the experimental

results regarding X-ray cavity resonance will be briefly mentioned.
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Global and Local Field EM Modeling for PHC Dispersion and

Metamaterial Cloak Design

Ganquan Xie, Jianhua Li, Feng Xie, and Lee Xie
GL Geophysical Laboratory, USA

Abstract— The Global and Local Field (GL) has been proposed by authors since 2003 and
2005. In this paper, we propose a GL transform modeling for metamaterials. The GL: modeling is
based on electromagnetic integral equation, magnetic and electric differential integral equations.
The integral and differential integral equations reserved same form under coordinate transfor-
mation. The cloak strategy is a special coordinate transform in our integral and differential
integral equations. In our paper “GL METHOD AND ITS ADVANTAGES FOR RESOLVING
HISTORICAL DIFFICULTIES” in PIER 63, 2006, the integral Equations (1) and (2) in page
143 have same form under various coordinate transformation. The Equation (1) has the following
form in the sphere coordinate system

ek - (B
o) e

El;] (r,0,¢,170'¢") Hg,] (r,0,0,7'0'¢")
Elf” (r,0,¢,1r0'¢") Hzf‘/f (r,0,0,r0'¢")

] % sin@'dr’d6’d¢’,

The [D] is 6 x 6 materials variation matrix, for isotropic materials, [D] is diagonal matrix with
diagonal element of the variance materials, (¢ + iwe) — (0 +iwe), and —iw(p — pp), for di-
agonal anisotropic material, [D] is diagonal matrix with anisotropic diagonal element of the
variance materials, (o+iwe), — (0 +iwe)y, —iw(py — pirp), (o+iwe)y, — (o+iwe)y,, —iw(pe —
top), (o+iwe), — (o+iwe),,, —iw(pg — ppp). In cloak transform, for diagonal anisotropic
material, [D] is diagonal matrix with anisotropic diagonal element of the variance materials,

_ 2 . . . _ 2 . .
e U (0tiwe) (0 +iwe)p, —iw( 722 Uy — 1), 22 (o +iwe)g— (o +iwe) o,

—iw( Rzlile to — phop) etc.. In non orthogonal coordinate transform and some anisotropic materi-

als the variation materials matrix is 6 x 6 full matrix. The Ej (r,0,¢,7'0'¢"), H{ (r,0,6,7'0'¢’),
EM (r,0,0,70'¢"), and HM (1,0, ¢,7'0'¢') are Green tensor in the sphere coordinate system, and
EM field are vector in the sphere coordinate. Our GL transform is not only for simulating the
cloaking strategy, but also it has more border applications for simulating nanometer materials,
dispersion engineering of the photonic crystals, biophysical materials, Space sciences, Earth sci-
ences, Farthquake simulation, geophysical exploration etc.. The Global and Local field transform
modeling combines the analytic and numerical consistent together. GL transform method does
not need to solve large matrix and do not need artificial boundary and absorption condition on
it to truncate the infinite domain. GL transform has more advantages to challenge FEM and FD
method and Born approximation. GL transform modeling can be useful to use various coordinate
transform to discover new metamaterials structure and properties which is not found in nature.




Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009 81

Highly Birefringent Bragg Fiber with a Fiber Core of 2-dimension
Elliptical-hole Photonic Crystal Structure

Jin-Jei Wu!, Tzong-Jer Yang', Kun-Lin Liao!, Daru Chen?, and Linfang Shen?
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Hsinchu 30012, Taiwan, R.O.C.
2Center for Optical and Electromagnetic Research, Zhejiang University
Hangzhou 310058, China
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Hangzhou 310058, China

Abstract— A novel highly birefringent Bragg fiber with a fiber core of 2-dimension (2-D)
elliptical-hole photonic crystal structure is proposed. Elliptical air holes are introduced into the
fiber core to form a normal 2-D photonic crystal structure with a hole pitch (center-to-center
distance between the air holes) much smaller that the operation wavelength of the Bragg fiber.
The elliptical-hole photonic crystal structure tends to act as an anisotropic medium with different
effective indices for transmission light of differently polarization, which inevitably results to high
birefringence (up to the order of magnitude of 0.01) of the Bragg fiber. The fiber core of the
2-D elliptical-hole photonic crystal structure is surrounded by a multilayer cladding which is
formed by the suitable designed periodic alternating layers of high/low refractive indices in the
radial direction. The proposed Bragg fiber possesses different band-gaps for differently polarized
mode, which indicates in some wavelength regions the proposed Bragg fiber can only support
one polarized mode transmission. Besides the periodic alternating layers of high/low refractive
indices, the bandwidth of the band-gap is also dependent on the effective index of the fiber core,
which can controlled by the area of the elliptical air holes. In addition, we have also found some
phenomenon about the confinement loss of the proposed highly birefringent Bragg fiber.
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Tunable Y-shaped Waveguides in Two-dimensional Photonic
Crystals

Chung-Jen Hsu and Chin-Ping Yu
Department of Photonics, National Sun Yat-Sen University, Kaohsiung, Taiwan 804, R.O.C.

Abstract— Photonic crystals (PCs) are periodic dielectric structures that possess the ability to
control the propagation of light for the existence of photonic band gaps (PBGs). By introducing
a line defect in two-dimensional (2-D) PCs, one can cause dispersion curves in the PBGs. As
the effective index of PCs is decreased, the original dispersion curve will be shifted toward upper
frequencies and a mode gap between the two curves will appear within the same PBG. If the
frequency of light falls within this mode-gap range, light can only propagate on the original
waveguide and is forbidden on the one with a smaller refractive index. We use the mode-gap
effect to design a new type of tunable Y-shaped waveguide in the 2-D silica PCs composed of
air holes infiltrated with polyaniline type electrorheological fluids in triangular lattices. The
refractive index of the silica is n; = 1.5 and the indium-tin oxide (ITO) electrodes are attached
on the top and bottom in the specific region. The refractive index of the electrorheological fluids
is n = 4.848 and can be alternated to be n = 4.393 by applying the external electric field. To
investigate the propagation characteristics of the Y-shaped waveguide structures, two numerical
methods are utilized: the plane wave expansion (PWE) method and the finite-difference time-
domain (FDTD) method. The PWE method is adopted for the analysis of the dispersion relation
of the guided modes on the Y-shaped waveguide and the mode-gap range which is from 0.231
to 0.241 can be obtained. To obtain the transmission properties, a TM input light is launched
into the input of the Y-shaped waveguide and the FDTD method is utilized to find out the light
propagation characteristics of the 2-D Y-shaped waveguides. By varying the applied electric
field, the refractive index of the electrorheological fluids can be rapidly changed and the mode-
gap effect can be induced in the Y-shaped waveguide. The light propagation in each arm of the
Y-shaped waveguide can then be controlled by selectively applying the external electric field.
These results are useful for further designs of optical switching devices.
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A Novel Fiber Sensor Based on a Bragg Fiber with a Defect Layer
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Hangzhou 310058, China

Abstract— A novel fiber sensor based on a Bragg fiber with a defect layer is proposed. The
Bragg fiber consists of a hollow core and a multilayer cladding which is formed by the suitable
designed periodic alternating layers of high /low refractive indices in the radial direction. A defect
layer is introduced in the multilayer cladding resulting to the resonant operation of some wave-
lengths. For these resonant wavelengths inside the band-gap of the Bragg fiber, large confinement
loss occurs due to coupling between the core mode and the defect mode. The refractive index
and thickness of the defect layer determines both the number and the location of the resonant
wavelengths inside the band-gap of the Bragg fiber, which indicates a segment of the Bragg fiber
with a defect layer can be used as a fiber sensor with applications of refractive index sensing or
strain sensing when the defect layer is used as the sensitive region. We will show the relationship
between the resonant wavelengths and the refractive index/thickness of the defect layer. Besides
the defect layer, our simulated results have also shown that the resonant wavelengths of the Bragg
fiber with a fixed defect layer is also dependent on the refractive index of the fiber core of the
Bragg fiber, which indicates the refractive index of the medium filled in the hollow fiber core can
be detected by measuring the transmission spectrum of the proposed fiber sensor.
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Embedded 3-D Integrated Inductor for Voltage-controlled SAW

Oscillator

Yao-Huang Kao' and Way-Yu Chen?
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Abstract— VCSO has a crucial application in timing synchronization, such as clock recovery
due to its high frequency stability. Low jitter performance is important for high quality service.
In this study an integrated VCSO with Pierce configuration was developed as shown in Fig. 1.
Except for the SAW resonator, a phase shift with 7m-type LC circuit was embedded to achieve
the Barkhausen’s oscillation condition. A 3-D inductor as shown in Fig. 2 was constructed by
the standard CMOS process to save the chip area. Its rf behavior was first calculated by the
EM simulator. The related lumped model as shown in Fig. 3 was then extracted. For a 14nH
inductance, the area was reduced 1/16 as compared to that by conventional one-layer winding.
Under 0.18 um TSMC CMOS process the values of the equivalent circuit were listed in the
following Table 1. With such a small inductor and two shunted capacitors, an oscillator with
high Q saw resonator at 622 MHz was easily obtained. The phase noise of VCSO at 1 MHz offset
is —162.5dBc/Hz. The measured RMS jitter is 880 fs and peak-to-peak jitter is 6.22ps. The
tuning range was about 140 KHz. The power consumption is 22.45 mW. The clock recovery using
this high quality oscillator was also studied. With the half-rate phase detector, the oscillator was
applied to high speed data rate at 1.244 GBit/s.
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Figure 1: Block diagram of Figure 2: 3-D inductor. Figure 3: Equivalent lumped cir-
VCSO. cuit of 3-D inductor.

Table 1: Summary of element values of 3-D inductor.

Ls Rs Co Cp
14.302nH | 30.54Q | 0.026 pF | 0.51{F
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A Novel Band-rejection Filter Based on a Bragg Fiber of
Transversal Resonant Structure

Daru Chen!, Tzong-Jer Yang?, Jin-Jei Wu?, and Linfang Shen?®

!Center for Optical and Electromagnetic Research, Zhejiang University
Hangzhou 310058, China
?Department of Electrical Engineering, Chung Hua University
Hsinchu 30012, Taiwan, R.O.C.
3Department of Information Science and Electronic Engineering, Zhejiang University
Hangzhou 310058, China

Abstract— A novel band-rejection fiber filter based on a Bragg fiber of transversal resonant
structure is proposed. A hollow core of radius r is surrounded by a multilayer cladding with
the suitable designed alternating layers of high/low refractive indices. Among the N periodic
two-layer structures in the radial direction of the Bragg fiber, a defect layer is introduced in the
certain two-layer structure with the resonant operation of some wavelengths. For these resonant
wavelengths inside the band-gap of the Bragg fiber, large confinement loss occurs due to coupling
between the core mode and the defect mode. Hence, a segment of the Bragg fiber of transversal
resonant structure can be used as a band-rejection fiber filter. The characteristics are mainly
determined by nature of the defect layer. The possible other applications also will be discussed.
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Calculation of Effective Microwave Surface Impedance in the

Superconducting Film Layered Structure

Chien-Jang Wu', C.-C. Liu?, and Yang-Hua Chang?

Mnstitute of Electro-optical Science and Technology
National Taiwan Normal University, Taipei 11677, Taiwan
2Graduate School of Engineering Science and Technology
National Yunlin University of Science and Technology, Douliou, Yunlin 64002, Taiwan
3Department and Graduate School of Electronic Engineering
National Yunlin University of Science and Technology, Douliou, Yunlin 64002, Taiwan

Abstract— Microwave surface impedances of the superconducting films in layered structures
have been calculated. We first consider a superconducting bilayer structure consisting of a high-
temperature superconductor and a nearly ferroelectric superconductor. Effective microwave sur-
face impedances are analyzed in the forward and reverse incidence in this bilayer. The anomalous
resonant peak height in the effective surface resistance is found to be decreased in the forward
case, while it is enhanced in the reverse incidence. This bilayer makes it possible to design a
superconducting Fabry-Perot resonator at microwave frequency. Next, we calculate the effective
microwave surface impedance for superlattice made of a nearly ferroelectric superconductor and
a dielectric as well. The strong dependence of surface resistance on the frequency, the number of
periods, and the thickness of the superconductor layer will be numerically illustrated. The results
indicate that such a superconducting superlattice could work as a frequency-selective filter in the
microwave regime.
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Higher Order Finite-difference Frequency-domain Analysis of
Two-dimensional Photonic Crystals with Arbitrary Shapes

Yen-Chung Chiang
National Chung Hsing University, Taiwan

Abstract— A higher order finite-difference frequency-domain method is proposed for the anal-
ysis of the band diagrams of two-dimensional photonic crystals. This improved formulation is
based on Taylor series expansion, local coordinate transformation, boundary condition match-
ing, and the generalized Douglas scheme. The fourth-order convergence can be achieved with
little additional computational cost compared with that of a second-order scheme. This proposed
scheme can deal with piecewise homogeneous structures with slanted dielectric interfaces.
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Band Structure Analysis of Liquid-crystal Photonic Crystal Fibers

Chia-Lung Kao and Chin-Ping Yu
Institute of Electro-Optical Engineering and Department of Photonics
National Sun Yat-Sen University, Kaohsiung, Taiwan 804, R.O.C.

Abstract— Recently, many optical devices based on the nematic liquid crystals (LCs) have
been proposed for the tunable optical properties of the LCs. By adjusting the external electric
field or the operation temperature, the refractive index of the LCs can be varied to modify the
performance of the optical devices. Liquid-crystal photonic crystal fibers (LCPCFs) with LCs
filled in the air holes of PCF's also attract a lot of interest for their tunable PBG effects resulting
from the LCs. In order to develop more useful devices based on the LCPCFs, it is essential to
understand the propagation properties of a LCPCF, especially the band structures. To analyze
the band structures of the LCPCFs, we use the finite-difference frequency-domain method and
consider only the unit cell in the PC cladding associated with the periodic boundary condition.
The relative permittivity of the LCs is expressed in a tensor form for the anisotropic properties.
By varying the value of the propagation constant 3, the frequencies of the existing hybrid modes
on the PC cladding can be found and the gap maps of the PC cladding with the LC molecules
aligned at variant directions can be successfully obtained. Several band gaps in the gap maps can
be found and these band gaps must extend bellow the core line to support guided modes in the
core. From our calculated results, we can observe that the alignment of the LC molecules indeed
has a great influence on the band structures of the LCPCFs. The transmission spectrum of a
LCPCEF could be dramatically varied by applying the external electric field to rotate the LCs. To
design optical devices based on the LCPCFs, one should carefully figure out the corresponding
band structures and our method is shown to be helpful in designing the related devices.
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Poled Thick-film Polymer Electro-optic Modulation Using
Rotational Deformation Configuration

Wen-Kai Kuo and Yu-Chuan Tung
Institute of Electro-Optical and Material Science, National Formosa University
64 Wenhua Rd., Huwei, Yunlin 63208, Taiwan, R.O.C.

Abstract— In this paper, we propose the experimental results of electro-optic polymer mod-
ulation using a rotational deformation configuration, then, the results for the conventional com-
pressed/stretched deformation configuration is compared. The experimental results show that,
the modulation index of the former is almost two times than that of the latter.

For most polymer EO modulation configurations, the compressed/stretched deformation (CSD)
of the index ellipsoid is used to measure the EO coefficient [1], or study orientational relaxation
dynamics [2]. In this paper, the rotational deformation (RD) of the index ellipsoid, which was
proposed in our previous study, is applied to the EO polymer modulation [3] and because two
refractive indexes, n, and n., of the EO polymer are very close, the expected modulation index
of the RD configuration has a much better performance than that of the CSD configuration.

In the experiment, the sample EO polymer is the often-used guest-host system DRI/PMMA, i.e., a
mixture of azo dye 4-[ethyl(2-hydroxy-ethyl)aminol-6 nitroazo-benzene (DRI) and the amorphous
polymer poly(methyl methacrylate) (PMMA). Under the condition that the heating temperature
was 120°C and poling voltage was 800 V, the sample showed the best r33 value of approximately
11pm/V.
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Wave Propagation in General Bi-isotropic Media

Heng-Tung Hsu and Song-Tsuen Peng
Department of Communications Engineering, Communications Research Center
Yuan Ze University, 135 Yuan-Tung Road, Chung-Li, Taiwan 32003, R.O.C.

Abstract— The wave phenomena associated with the class of bi-isotropic (BI) materials had
attracted great interests for over two decades due to their extra medium parameter which gives
additional freedom in designing various microwave devices. Promising applications in antennas
including the polarization rotating lenses and the compact microstrip antennas as well as mi-
crowave devices and radar engineering are all based on BI materials. In this paper, we present
a new approach to the propagation of uniform plane wave in BI media. While the case of nor-
mal incidence is the main focus in this paper, the same approach can be applied for the oblique
incidence case as well. Firstly, we employ the technique of Scalarization to simplify the Maxwell
equations in vector form to become a set of scalar ones, and then introduce the concept of per-
turbation analysis to exhibit the effect of the bi-isotropy on the wave characteristics in general.
The method of analysis is based on the development of the dispersion relation of a BI medium, so
that the result obtained are cast in a concise form and will appear as an extension of well known
ones of isotropic media. In particular, the familiar technique of equivalent circuit is developed to
enhance the understanding of the wave phenomena associated with BI media.
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Design and Implementation of High-speed Laser Diode Driver

Circuitry for High-speed Data Recording

Heng-Shou Hsu
Department of Electronic Engineering, Feng-Chia University
100 Wenhwa Road, Seatwen, Taichung 40724, Taiwan, R.O.C.

Abstract— This paper proposed the design and implementation of high speed Laser-Diode
Driver (LDD) circuitry suitable for high speed CD/DVD data recording and optical data trans-
mission. As for the case in high speed (X16 for DVD and X48 for CD) data recording, the
Laser Diode requires to transmit data pulse with rising/falling time shorter than 0.8 ns. Besides,
the current which drives Laser Diode should be at the level up to 300 mA. With such tough re-
quirements necessary to meet, some performance degradation due to inductor-induced bouncing
and electromagnetic interference (EMI) noise must be carefully considered. This paper proposed
novel high speed Laser-Diode-Driver circuitry implemented by 0.35 um 5v CMOS process. With
the help of novel circuit structures and circuit design technique, the proposed LDD driver possess
the advantages of shorter rising/falling time (< 0.5ns) which can meet the need for high speed
data recording, less overshoot/undershoot of output driving current to cope with the inductor-
induced bouncing problems, and adjustable output driving current level to solve electromagnetic
interference noise. The circuits were implemented in a 5v 0.35 um CMOS process. Simulation
results have successfully demonstrate the novel Laser-diode driver is suitable for high speed data

recording and has wide application on optical data transmission.
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Aspects Regarding the Adapting and Optimization of Mixed Drying
Systems Microwave-hot Air for the Processing of Agricultural
Seeds

V. D. Soproni, F. I. Hathazi, M. N. Arion, C. O. Molnar, and L. Bandici
Faculty of Electrical Engineering and Information Science, University of Oradea
1 Univrsity St., Oradea 410087, Romania

Abstract— Microwave system developed and presented in this paper is designed for drying
and treatment against agricultural pests for storage seeds. Precursory storage stage of cereal
seeds, which ensures them a high quality and which is done with this microwave system is drying
by using mixed microwave — hot air and radiation through selective eradication of insects and
pathogenic factors existing in the seed bed. Has been in this case the treatment in the microwave
field of agricultural products moving through applicator on a tape Conveyors, transparent to
microwaves, made from a special textile material so as allow the air spurt which will blow at
the bottom of equipment to dry the product. Drying equipment uses microwave guides to carry
energy from microwaves generator (in our case magnetron) to applicator where are placed the
absorbed microwave products. Microwave applicators used in the case of our systems are the
wave guides, which usually are continuing and may be a single volume cavity or more cavities
lowest in series by passing Conveyors. The wave guides system is usually made of wave guides
in which the load is displaced by a band Conveyors exposed to microwave radiation. Most of the
microwaves energy is coupled with the task dielectric acquiring energy and the rest is absorbed
by the tasks at the entry and exit ends of the dryer. Such applicator can function without charge
(empty) without damaging the microwave generator.

A optimized technique for drying in microwave field has been designed by combining technology
with volume drying in microwave and conventional drying by convection. Thus, products sensitive
to high temperatures and fast (as is the case of agricultural seed) can be processed through such
innovations, ensuring the preservation or even improving the agricultural products harvested.

Artificial drying of cereal seed is made in drying systems, by using combined microwave — hot
air spurt. The method use the microwave for bringing the water from the inside of the seeds to
migrate to the surface wherefrom with the hot air spurt in the pre-heat sector of the dryer is
accomplish the seeds perspiration during the drying to obtain the vaporization and water disposal
and in the next sector following occurs cooling with the atmospheric air of the seeds. Reduction
of the moisture contains is carried out at temperatures of heat agent up to 40°C for seed (so as
not to affect germination) and give up 50°C to those intended for consumption. In wheat, for
example, if it passes 50°C gluten loses its elasticity being affected the line up bread. Core of
the seeds can not be totally dry while the environmental air contains moisture. The microwave
energy absorbed by 0.25 W/g seeds moist can be used for the drying seed. The level of energy for
drying seeds as food and forage food must not exceed 0.75 W/g. Applications that use an energy
absorbed 0.25 W/g lead to an increase in germination over 92% of dry seeds in the microwave
field. It recommends the use of energy levels less than 0.25 W/g in order to improve germination
values.
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A Passive Optical Location Implemented on the One-board

Computer

P. Fiala, T. Jirkd, and R. Kubasek
Department of Theoretical and Experimental Electrical Engineering
Brno University of Technology, Kolejni 2906/4, Brno 61200, Czech Republic

Abstract— There is a research of the plasma in our department. We have developed the method
to detect micro-particles or their groups in the video-record of the plasma. These particles are
very small compared to the image frame size, their velocity is relatively high and their trajectory
is not linear. We have tested this method in the MATLAB environment and these tests were
successful. The method implementation is done on the commercial devices only. We have used a
CMOS camera sensor and the microprocessor with the ARM architecture for the data processing.
As testing video sequence the record of the birds in countryside was chosen, because the birds
have similar movements like the particles and also they are very small compared to the image
size and the device function was tested. This article shows the results of these tests.
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The Meaning of the Lightspeed on the Basis of Its Determinations

S. L. Vesely! and A. A. Vesely?

I.T.B.-C.N.R., Italy
2Via L. Anelli 13, Milano 20122, Italy

Abstract— In this paper, we shall examine in some depth the classical measurements of the
speed of light carried out by Rgmer, Bradley, Fizeau-Cornu, and Foucault, seeking a meaning
for the constant ¢ of electromagnetic waves propagation in a vacuum that is useful for telecom-
munications. Resting upon the two latter methods, we propose that the value c is considered a
conversion factor between time and length, similar to parallel-to-serial data conversions.

The term “velocity” may occur in physics with different meanings, and two of them concern this
topic. On the one hand, talking, for example, about the average velocity through a displacement,
e.g., by car along a tract of highway, the term refers to kinematic values that may be read on the
tachometers of the relevant vehicles. On the other hand, talking about the diffusion velocity of a
liquid into another the same term carries an interpretation of convection and mixing phenomena
in accordance with the kinetic theory of gases. Although tachometers may deliver a vehicle’s
relative speed according to different technologies, their calibration on a given length per unit
of time is consistent with their usage. Sticking to the same conventions for explaining diffusion
phenomena might be a matter of convenience.

Classical electromagnetism introduces c essentially as a conversion factor for capacitors’ capaci-
tance when translating between emu and esu conventions. However, it is well known how relations
with optics let Maxwell confer to ¢ the allegedly more fundamental meaning of speed of light
(i.e., ¢ = Av). More precisely, he interpreted light as an isotropic propagation of small elastic
perturbations in the ether medium. Thus, at least originally, ¢ was the characteristic diffusion
constant for ether. The second postulate of special relativity holds something different, that is
that electromagnetic radiation propagates through a vacuum with speed ¢, which is both a char-
acteristic of light and a kinematic property of its motion. The speed is a characteristic of the light
alone because vacuum has no corresponding physical characteristics, and is also a kinematic trait
because relativity adopts a kind of extension & — r of the Cartesian plane (x, t) along with the
concept of inertial observer endowed with a reference frame for times and lengths. Considering ¢
a transmission factor in absence of any media, and taking into account the accruing experimental
evidence in favor of fast and slow light phenomena in the matter, it is natural to ask why in
developing frequency and time division multiplexers it is still a conceptual must to relate the
numerical values of the transmission speed with the measuring rods and spring driven clocks.

The two classical astronomical methods for measuring ¢, mentioned above, are fully framed in
the Newtonian picture (except for light), while the so-called earth-bound techniques of Fizeau
and Foucault convert lengths to time intervals (i.e., L = ¢T') and vice-versa by means of stro-
boscopic rotation. Even if a stroboscope is a mechanical device, the relationship between time
and length on which it works may be profitably extended to electrical relays in order to supply a
linear conversion from time to length units, enjoying the precision that electronics has achieved
meanwhile. Indeed, we suggest herein to consider ¢ a conversion factor, as it used to be.

In conclusion, in our opinion the idea that signals have typical velocities that telecommunications
should care about is reminiscent of the attempts at mechanical interpretations of electromag-
netism, and it cannot but elude synchronization problems related to phase tracking of guided
waves as well as receptions of signals radiated by moving bodies.
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Lateral Displacements of an Electromagnetic Beam Transmitted and
Reflected from a Gyrotropic Slab

Hui Huang' 2, Yu Fan!, Bae-Ian Wu?, and Jin Au Kong?

1School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044, China
2Research Laboratory of Electronics, Massachusetts Institute of Technology
Cambridge, MA 02139, USA

Abstract— It is known that for a gyrotropic medium in the Voigt configuration, waves can
be decoupled into TE and TM modes. A detailed study on the lateral displacements of an
electromagnetic beam reflected and transmitted from a gyrotropic slab in Voigt configuration is
presented, for both TM and TE waves. Using the stationary phase approach, analytic expressions
for lateral displacements of the reflected and transmitted waves from a symmetric gyrotropic slab
are obtained, and we also give examples for both cases. It is found that the lateral displacements
for TM and TE waves have different characteristics. Only the TM mode is affected by the
gyrotropy. Due to the external magnetic field, the lateral displacement of a TM wave transmitted
from a gyrotropic slab is not the same as the reflected one, even when the configuration is
symmetric and the media are lossless. We also discuss the phenomena when the incident angle
is near the Brewster angle.
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Electromagnetic Interference Modeling Research on the Electrical
Machine and Converter Systems

Lingyun Wang, Ruifang Liu, and Hui Huang
School of Electrical Engineering, Beijing Jiaotong University, Beijing, China

Abstract— Electrical machine and converter systems are widely used in renewable energy
power generation system and speed regulation of motors. With the applications of power elec-
tronic devices in a variety of equipments and systems, the electromagnetic interference (EMI) is
attracting more and more attentions. Modeling to the EMI of the system is the fundamental of
forecasting and removing the EMI. In the electrical machine and converter systems, compared
with the radiated EMI, conducted EMI is the main problem in the system. Based on this, con-
sidered the EMI in the switching devices and the electrical machines, this paper discussed and
analyzed the conducted EMI modeling methods and technology widely used today in the electri-
cal machinery and converter system. Time domain and frequency domain modeling methods are
analyzed respectively.

In detail, considered the influence of the turning-on and off of the switching devices, the high-
frequency parasitic parameters of the electrical machine, and the ground current on the system,
the paper discusses and analyzes the modeling technology of sub-systems. Firstly, in the converter
system, the EMI pulses produced by the switching devices has a great influence on electrical ma-
chines, causing the problems such as the insulation of electrical machines, shaft voltages, bearing
currents and so on. So the paper discusses the modeling methods in the converter system. Sec-
ondly, in the electrical machinery system, since the high-frequency parasitic parameters of the
electrical machine can’t be ignored, the model of the electrical machine is presented. Thirdly,
because of the effects of distribution parameters existed in cable, voltage reflection will be oc-
curred at machine terminals, the paper discusses the modeling technology of the system. On top
of that, the paper also analyzes the modeling methods of the ground loop in the system. Finally,
the current status of conducted EMI modeling research of the electrical machine and converter
systems is presented.
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Transient Field Distribution in a Transformer Affected by Variably
Loaded Secondaries

Gerd Mrozynski', Eckhard Baum?, and Otto Erb?

nstitute of Electromagnetic Theory, University of Paderborn
Warburger Str. 100, D-33098 Paderborn, Germany
2Fundamentals of Electrical Engineering, University of Applied Sciences Fulda
P. O.Box 2254, D-36039 Fulda, Germany

Abstract— Ring core transformers are analyzed by using a two dimensional axisymmetric
model. The primary and secondaries are foil windings surrounding a core with finite permeability.
The secondaries are positioned between core and primary winding. They can either be short
circuited or connected to a resistive load. The current in the primary is constant up to the
switching point at ¢t = 0. At this moment it is abruptly forced to zero hereby causing transient
fields in the other windings. The spatial distribution and temporal devolution of these fields is
affected by the loading of the secondaries.

The scope of the paper is to analyze the current density distribution and the total current in the
secondaries and the primary as a function of time. To achieve this the spatial distribution of the
magnetic field for ¢ < 0 is expressed by a sum of spatial eigenfunctions each of them decaying
with a particular time constant in ¢ > 0. Because of spatial continuity requirements the time
constants in adjacent regions with different material properties must be identical.

The transformer analysis can easily be modified to become applicable for coils. Also the switching
process may be modified: instead of changing source voltage or current material parameters as
for instance conductivity can be switched in the framework of the developed formulas.

To verify the results the energy stored in the magnetic field before switching is compared with
the energy consumed in the windings after switching, the latter being computed with the help of
Poyntings theorem.
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Research on Arch Method for Testing the Absorbing Capability of
Absorbing Materials

Gai Tao and Qun Wang
College of Material Science and Engineering, Beijing University of Technology
Beijing 100024, China

Abstract— First, the paper introduces the principle, the instrument and the visual compiler
of the arch method test system. Considering the mixed coupling between antennas, the general
field strength of the receiving antenna can be described by the sum between the field strength of
the mixed coupling antennas and the field strength of reflecting field strength as follows:

E,=E,+ E. = |E,| - ¢/0+“) 4 |E,| . £l (¥FD) (1)

When absorbing wave material is on the plate, the general field strength will be changed and will
be described as follows:

B =E),+ E.=|A- Ep|- 0ttt | | . eJ(0el) (2)

Ideally the mixed coupling of antennas is ignored, but in fact the error witch it comes into being
is involved in the exactitude of the test system. The visual compiler is based on VEE program
(Visual Engineering Environment program). VEE program is supported by Agilent Company
and fulfilled the auto test technology. With VEE program we can compile the program to connect
the instrument and the computer independently.

Second, estimated that the error of the test system due to the mixed coupling between antennas
with moving the plate up and down.

Last, showed that the reflectivity of some microwave absorbing material when the angle of inci-
dence is 10°, 20° and 30° respective. Ideally the arch method will be used to test the absorbing
capacity of the absorbing wave material with any angles of incidence affective, but the right
testing radius is not easy to carry out and the paper adopts three different angles of incidence to
test.
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Progress in Studies of Transients Analysis Method of
Multiconductor Transmission Lines

Chaoqun Jiao and Yi Sun
School of Electrical Engineering, Beijing Jiaotong University
No. 3 Shangyuan Residence, Haidian District, Beijing 100044, China

Abstract— Throughing read a lot of literature, the progress in Studies of transients analysis
method of multiconductor transmission lines (MTLs) is presented in this paper. These methods
mainly include Bergeron’s method, the finite difference time domain (FDTD) method and the
time domain finite element (TDFE) method. Then, the disadvantage and advantage of these
methods are pointed out through one example. Finally, with different situation, it is suggested
that which method is chosen to resolve the pratical problem.

Introduction: The MTLs structure is capable of guiding wave whose frequencies rabge from dc
to where the line cross-sectional dimensions become a significant fraction of a wavelengh. There
are many applictions for this wave-guiding structure. The fault, lightning and switching operation
in a three-phase substation all cause very intense wave processes of voltage and current distributed
along the busbars and the power lines. Because the frequency spectrum of the transient process
is very wide and the electromagnetic field at the high frequency domain is radiated from the
busbars and the power lines, therefore, the switching transient is a very important problem.

In order to research this problem, in general, the method of moment (MoM) may be used. But it
is too difficult to use for a complex configuration and is only valid in the fiequency domain and for
the linear problem. Another approach is to model the busbars and the power lines as the MTLs.
In this approach, firstly, the wave processes of voltage and current distributed along the busbars
and the power lines are calculated, and then, the electromagnetic fields at arbitrary points in the
substation and in neighborhood are directly evaluated through the known voltage and current
distributed along the MTLs. Therefore, it is a key to develop an effective algorithm for calculating
the wave processes of voltage and current distributed along the MTLs with branches.

Presented Methods: There are many methods to analyze the MTLs, in general, they may be
classified into two classes. One is the fiequency domain method, and another is the time-domain
method.The first method is very conventional and simple, but it is limited in the linear problem
and is not adaptable in transient analysis. The second one can be used to deal with not only the
linear problem but also the nonlinear problem. However, for the fiequency-dependent parameter
problem, it is difficult. Some special methods have been developed to overcome the shortcoming
of above two methods. In fact, in order to analyze the wave processes, the time-domain method is
always recommended. Bergron’s method is a time-domain method, which has been widely used to
calculate the wave processes in the power system and has been implemented in EMTP code [1, 2].
But only the voltage and current at some specified nodes can be calculated by this method, it is
not effective for the calculation of whole wave processes of voltage and current distributed along
the MTLs. For this case, the problem can be solved by FDTD [3]. Professor C. R. Paul proposed
an iterative algorithm for the lossy MTLs with arbitrary loads [4]. Dr. Lu Tiebing and Qi Lei
improved and complemented the Paul’s method [5-8]. Because of Gibbs effect of the FDTD
method, Park and Liu Lei developed the TDFE method [9, 10].

Comparation of These Method and Suggestion: The disadvantage and advantage of these
methods are pointed out through one example in [4]. The process and result of test will be
developed in the extended paper.

Conclusion: The progress in Studies of transients analysis method of multiconductor transmis-
sion lines (MTLs) is presented in this paper. The disadvantage and advantage of these methods
are pointed out. It is suggested that which method is chosen to resolve the pratical problem.
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Efficient Calculation of Vehicular Antennas’ Radiation Patterns

Xiao-Fei Xu, Xiang-Yu Cao, and Jia-Jun Ma
Telecommunication Engineering Institute, AFEU
Xi’an 710077, China

Abstract— The wire antennas mounted on the metal carrier are concerned by people for a
long time. They are applied on large aircraft, ships as small as cell phones, and other mobile
communications devices. The problem of wire antennas mounted on all types of carriers is ana-
lyzed accurately by the moment method based on integral equation. However, when calculating
the large carrier such as vehicular antennas, the traditional method of moment will consume a
very long time. To improve the algorithm and accelerate the speed of calculation, multilevel fast
multipole algorithm (MLFMA) is adopted. MLFMA is the multilevel application of FMM and
can speed up the matrix-vector multiplication, which reduces the computational complexity, both
memory requirement and CPU time, to O(N log N) for an N-unknown problem. In this paper,
the problem of vehicular antennas is analyzed and calculated efficiently by the method, and the
calculated results agree well with the simulation results of Ansoft HF'SS, which indicates that the
analytical expressions derived in this paper are correct. The method has a certain significance
for the rapid analysis and the calculation of the vehicular antennas’ performance.
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Analysis of Vehicular Wire Antennas Using MoM

Xiao-Fei Xu, Xiang-Yu Cao, and Tao Liu
Telecommunication Engineering Institute, AFEU
Xi’an 710077, China

Abstract— In this paper, the problem of connection between wire antennas and conductors is
analyzed in detail by the moment method. The surface-wire structure is divided into three parts:
the wire antenna, the connection part and the conductor. Then three types of basis functions
are introduced respectively for surface-wire structure. In testing procedure, Garlerkin’s method
is used and the singular integral is treated analytically. Finally, the matrix equation is derived.

Firstly, In order to prove the method presented in this paper, one classical example is analyzed
and calculated. One monopole is attached to the center of a metallic plane, the size of metallic
plane is 2m x 2m and the length of the monopole is 0.2m, the operation frequency of the
monopole is 375 MHz. Then the far-field characteristic of radiation is computed. The calculated
results agree well with the simulation results of Ansoft HF'SS, which indicates that the analytical
expressions derived in this paper are correct.

Secondly, the problem of vehicular wire antenna is analyzed with the method. One monopole is
attached to the top surface of a car, the length of monopole is 0.25 m, the operation frequency of
the monopole is 300 MHz, the length of the car is 3m, the width of the car is 1.6 m and the height
of the car is 1.5m. The calculated results also agree well with the simulation results of Ansoft
HFSS, the patterns of power radiation are given in three directions. It is proved that the method
is theoretical correct which gives high calculation accuracy and can be used as a guidance for the
installation and disposition of vehicular wire antennas.
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Inverse Problem of Multiple Objects Buried in a Half-space
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Abstract— Electromagnetic imaging of buried multiple dielectric cylinders by using genetic
algorithm has been presented. The unknown amount and distribution of dielectric cylinders are
buried in one half-space and illuminated by transverse magnetic (TM) polarization plane wave
from the other half-space. Based on the boundary condition and the measured scattered field,
we have derived a set of nonlinear integral equations, and the imaging problem is reformulated
into an optimization problem. In particular, by taking account into the complete nonlinear
formulations, the amount and distribution of the dielectric cylinders could be highly-contrasted
and complicated. In inverse algorithm, the improved steady state genetic algorithm is employed to
search for the global extreme solution of objective function. Numerical results have demonstrated
that the powerful performance of the inverse algorithm. Numerical results show that satisfactory
reconstruction has been obtained.
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Simulations on the Whole Structure of Microwave Radiometer

Calibration Load by FDTD Method

Ming Jin, Ming Bai, and Jungang Miao
Electromagnetics laboratory, School of Electronic Information and Engineering
Beijing University of Aeronautics and Astronautics, Beijing 100191, China

Abstract— The emissivity of the microwave radiometer calibration load is designed to be close
to ideal blackbody, which is important to calibrate the linearity and sensitivity of a microwave
radiometer by providing a standard brightness temperature in the microwave region. The load
emissivity is expected to be close to 1, and required to be determined precisely. Under thermal
equilibrium, according to Kirchhoff’s law, the emissivity of an object is equal to its absorptivity.
The emissivity can be obtained from its reflectivity, which is the method commonly used both in

the measurement and simulation.

The microwave radiometer calibration load is usually in shape of coated pyramid arrays, the
direct simulation of which is quite difficult due to its large electric size. In order to perform
parametric optimizations on such load, taking into account of its periodical structure, a coated
pyramid unit can be simulated using the Finite-Difference Time-Domain (FDTD) method under
the periodic boundary condition for infinite arrays, so that the amount of calculation is acceptable.
However, the detailed scattering from a size-limited microwave radiometer calibration load should
be calculated to obtain the emissivity, i.e., the simulation on the whole load structure is needed.
In this work, the full-space scattering field patterns for load illuminated by a plane wave and a
Gaussian beam are respectively obtained through the FDTD simulation on the whole structure.
The coating material is described as Lorentz dispersion medium and simulated by means of
second-order difference in the FDTD method. Simulation results of an actual coated pyramid
array at several frequency points (10.65 GHz, 18.7 GHz, 23.8 GHz) are obtained. The evaluation
of the microwave radiometer calibration load emissivity from the FDTD calculation results is

provided and the related issues are discussed.
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Convergence Analysis of Electric/Magnetic Current Sampling for
Antenna Design in the Presence of Electrically Large and
Complex Structures

Heng-Tung Hsu, Fang-Yao Kuo, and Hsi-Tseng Chou
Department of Communications Engineering, Communications Research Center
Yuan Ze University, 135 Yuan-Tung Road, Chung-Li 32003, Taiwan, R.O.C.

Abstract— Designing antennas in the presence of electrically large and complex structures
such as cars or aircrafts has become an important issue for next generation communication
systems. Based on the principle of equivalence, the hybridization approach that integrates the
high frequency (HF) and low frequency (LF) techniques has shown its superiority in terms of
its computing efficiency. In such approach, discrete samplings of continuous electric or magnetic
field components resulted from LF sub-domain are required to be converted to the excitation
current sources for the HF sub-domain. Thus, the overall accuracy of the calculation results
will strongly depend on the similarities between the sampled and original filed distributions with
both the magnitude and phase involved. In this paper, the convergence analysis of electric and
magnetic current sampling is performed. Impact of the different sampling profiles on the overall
accuracy is also investigated through numerical examples. Results revealed that sampling profiles
may closely be related to the field distributions of the antenna types.
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Forward Modeling of High Frequency Magnetotelluric Using Finite
Element Method
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Abstract— With the development of geophysical prospecting in 1000 meters below surface,
the High-Frequency Magnetotelluric (HMT) method is applied more and more extensively in
our country. The required frequency range is from 10Hz to 100 KHz. In this paper, the author
studies numerical modeling of the high-frequency Magnetotelluric method. First of all, the paper
derives the finite element equation of HMT method from Maxwell equations using generalized
variational principles, and produced the bilinear interpolation and double quadratic interpolation
finite element program, calculated and verified the layered model. And then, the author researches
the typically rift valley model, through accuracy analysis of the simulation results, comes to some
meaningful conclusions.
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A Three Dimensional FEM-BEM Approach for the Simulation of
Magnetic Force Microscopes

T. Preisner and W. Mathis
Leibniz Universitdt Hannover, Germany

Abstract— In recent years a rapid miniaturization of integrated devices and data storage media
is noticeable. In this regard high resolution measurement techniques have been developed, which
fulfill the increasing requirements for device error analysis. One of these highly sensitive measur-
ing instruments is the Magnetic Force Microscope (MFM), which reveals the magnetic properties
of an arbitrary sample. During the measurement process a micro-mechanical cantilever, which
holds a magnetic coated tip underneath, is moved over a magnetic field inducing sample sur-
face. Due to the magnetic interactions attractive or repulsing forces act on the cantilever and
cause a deflection, which can be detected by a reflected laser beam focused onto a photodetector.
Thereby it is possible to image the magnetic domain structures and hence to draw conclusions
about the sample magnetizations or currents. Due to different error sources, as for instance a
tip asymmetry or a heterogeneous tip coating as well as occurring difficulties in the investiga-
tion of soft magnetic sample materials, it is useful to support the laboratory measurements with
theoretical considerations.

In this work a three dimensional numerical MFM model will be presented. Due to the immense
differences in size between the single components inside the microscope, which are most extensive
between the apex radius of the magnetic coated tip and the length of the cantilever (10nm
versus 200 um), the FEM cannot conveniently be applied for the discretization of the whole
considered calculation domain. Therefore, for this multiscale problem the considered domain
is enclosed with boundary elements. This FEM-BEM coupling is necessary for a precise and
efficient calculation of the magnetic interaction fields. In order to simulate an overall MFM
scanning process and the involved cantilever deflection, it is essential to compute the resulting
forces acting on the cantilever. For this purpose two methods are implemented and compared
with each other; the Virtual Work Principle (VWP) and the integration over the divergence of
the Maxwell Stress Tensor (MST). Both are applicable for the total force calculation of a body.
However, in the case of permanent magnetic materials the local force distributions strongly differ
from each other [1,2]. Considering a following structural analysis of the cantilever deflection
appropriate physical local forces on the magnetic coated tip are required. For this reason the
VWP is furthermore implemented in such a manner as reported in [1,2] in order to obtain the
applicable local interaction forces between the tip and the magnetic inducing sample.
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A General ADE-FDTD Algorithm for the Simulation of Different
Dispersive Materials
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Abstract— A number of FDTD-based algorithms for the analysis of dispersive materials have
been already proposed. When the problem space involves materials having different types of dis-
persion with or without multi-poles, the solution algorithms become complicated. The existing
algorithms require a separate formulation for each dispersion type. For example, a dispersion
model like the Lorentz-Drude with six poles will require long derivations and many values to be
stored in memory. In this work, a general algorithm is proposed that will remove this complica-
tion; only one algorithm can be used for all dispersion types.

Starting with the most general form of dispersion, the Lorentzian form, the polarization field in
the frequency domain can be written as
a
Plwy=———F 1
©) = i EW) (1)
Shifting to the time domain through inverse Fourier transform gives
bP(t) + cP'(t) + dP"(t) = aE(t) (2)

The key step towards the formulation of a consistent and general FDTD algorithm is approxi-
mating the time derivatives in Equation (2) at time instant n— 1. Thus, one obtains the following
update equation.

4d — 2bAt? -2 A 2aAt?
n_ d — 2bAt pn—1 d+c tP”_2 aAt -2 3)
2d 4 cAt 2d + cAt 2d + cAt
which can be written in the form
Pt =GP 4GP 4 Gy (4)

The constants Cy, Cy and C3 can be found for any form of dispersion relation (see table below).
In the case of multi-pole dispersion, the same relation is written for each pole with appropriate
constants. The update equation for the electric field intensity is given by
Do

€o€o0

E" = (5)
where D is the flux density and N is the number of poles. Several numerical experiments
have shown that, while keeping the same level of accuracy, the proposed ADE-FDTD algorithm
provides savings in both memory and computational requirements compared to other established

methods.
Dispersion term in frequency domain Cy Cy Cs
R ——— = e e
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Analysis of Antennas and Scatterers with Nonlinear Loads: A
MoM-AOM Approach

S. M. Azimi', H. R. Karami?,
S. Rajabi?, A. Kalantarnia?, and S. M. M. Moosavi!
!'Hamedan University of Technology, Iran
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Abstract— A frequency-domain spectral balance technique is utilized in this paper to analyze
the non-linearly loaded wire antenna located over a lossy dielectric half-space. The technique
involves two stages. First, the problem is transformed to a nonlinear microwave equivalent circuit
with the circuit parameters of antenna extracted by the method of moment (MoM) solution of the
electric field integral equation [1]. Then, the arithmetic operator method (AOM) [2] is applied
to solve the nonlinear microwave equivalent circuit. The main feature of the proposed technique
is its efficiency in analyzing the transient response of the antenna with strong nonlinear loads
over a lossy dielectric half-space. The technique works purely in the frequency domain, so the
effects of lossy dielectric half-space can be considered properly by using method of moment in
conjunction with Sommerfeld asymptotic method. The AOM is now used to the analysis of a
centre nonlinearly loaded thin wire scatterer illuminated by Gaussian pulse. It is well known that
the frequency domain behavior of scatterer excited by a Gaussian pulse can be represented by
the Norton equivalent circuit obtained by the use of MOM. Applying the kirchhoffs circuit law
to Norton equivalent circuit gives

Ing =Y,V — Isc (1)

where V7, is the terminal voltage, and the current of nonlinear subcircuits is Iy corresponding
to nonlinear load part. Igc is the short circuit current of the antenna input and Y;, is the
input admittance of the antenna for different frequency components, both being defined as a
function of the frequency. Using the AOM transform matrix [2], Ty, the current-voltage nonlinear
relationship can be represented in the frequency domain as

N
—InL =Y a7V (2)

n=0

One can substitute (2) into (1) and obtains V, by an iterative numerical method such as Newton-
Raphson method. The other parameters can be easily calculated by using V7,. In order to evaluate
the performance of the proposed method, the midpoint transient current of the nonlinearly loaded
antenna oriented at an angle of 45 degree over a lossy dielectric half-space with length of 1 m and
radius of 6.74 mm, excited by a Gaussian pulse voltage source at its midpoint is shown in Fig. 1.
The i-v characteristic of nonlinear load used in this example is similar to [3].

——nonlinear Load
~=no Load

Current (mA)

5 10 15 20
Time (ns)

Figure 1: The midpoint transient current of the nonlinearly loaded antenna oriented at an angle of 45 degree
over a lossy dielectric half-space with L = 1 m, a = 6.74 mm, excited by a Gaussian pulse voltage source at
its midpoint.
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A New Broadband Triangular Microstrip Antenna Using Slots and
Integrated Reactive Loading Optimized by Genetic Algorithm
and Method of Moment (GA/MOM)
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Abstract— A new broadband triangular microstrip antenna for Digital Communication System
(DCS) is presented. Triangular patch fed by coaxial probe and substrate parameters is designed
for integrating antenna and microwave circuit. Suggested Antenna in this Paper uses mixture
techniques of slot and integrated reactive loading. Pair of slots on the patch is presented for
exciting T'M19 and T Mg by suitable ratio and increases the bandwidth. Also influence of inte-
grated reactive loading is decreasing reactance of probe and helps for bandwidth improvement.
Using both techniques can enhance antenna bandwidth. Moreover slots increase effective current
path and decrease antenna size. Design of suggested antenna consists of parameters including
dimension of patch, slot and integrated reactive loading. More than twenty variables without
having exact influences of them in this antenna are main reasons for using reliable and powerful
optimization method. So optimization code is written by binary genetic algorithm method and
is attached to full wave moment method. Because of much time and calculation between MOM
and GA code a Model Based Parameter Estimation technique (MBPE) is used. This technique
is important for speed up the simulation software in frequency band. MBPE technique simulate
the problem in few point and produces a continuous antenna parameter (i.e., S11) for calculating
fitness function needed by optimization code. Achieved bandwidth from optimized antenna is
about 6.94% in 1800 MHz center frequency. This value is 3.8 times of simple triangular patch
and 1.3 times the triangular patch antenna using slots reported until now. In fact the idea of
using mixture method of using slot and integrated reactive loading linked to GA optimization
can improve antenna bandwidth as 1.64%.
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FDTD Analysis of a Nonlinear Transmission Line
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Abstract— The paper describes a new effective approach to simulation of voltage and current
distributions along the nonlinear transmission line (NTL). Numerical results of the transmission
line simulations based on Finite Difference Time Domain (FDTD) method are presented. There
are several possibilities how to simulate the voltage and current distributions along the single
or multiconductor linear transmission line. The aim of our investigation was to find an effective
algorithm for numerical simulation of the current and voltage wave propagation on NTL. The
best solution was obtained by using so-called leapfrog method, when the spatial and temporal
derivatives were replaced by the combination of both central and forward differences. This
modification of FDTD was discussed and it was applied first to the numerical simulation of
electromagnetic wave propagations in a free space. The new algorithm based on FDTD was
programmed in Matlab language. Some illustrative examples are solved and obtained numerical
results are presented.
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Combined RKDG and LDG Method for the Simulation of the

Bipolar Charge Transport in Solid Dielectrics

Jihuan Tian, Jun Zou, and Jiansheng Yuan
Department of Electrical Engineering, Tsinghua University, Beijing 100084, China

Abstract— The space charge dynamics plays an important role on the degradation and the
breakdown of solid dielectrics under high voltage due to the intensification of the local electric
field. The transport of different species of space charges under the electric field can be described
by a set of convection-reaction equations coupled with the Poisson’s equation as follows:

on 0
8ta + afa = S, (convection — reaction equation),
x
OFE
B = Pall (Poisson’s equation), 1)
T E0Er

where f, = £uan.E (a represents the carrier types).

Thus, to obtain the time-dependent space charge distribution, the two types of equations should
be calculated alternately.

The previous work used the QUICKEST method with a flux limiter to solve the convection-
reaction equation. However, it cannot accurately calculate the space charge profile with very
steep wavefront or shocks, due to the wide stencil adopted for the interpolation of the numerical
flux and the split treatment of the originally coupled convection and reaction terms. In this paper,
the Runge-Kutta discontinuous Galerkin method is applied to solve the convection-reaction equa-
tions, in which the high-order piecewise continuous Legendre polynomials are chosen as the basis
functions to expand the space charge profile, and a special Runge-Kutta method combined with
a slope limiter is used for the time discretization, which is able to ensure the numerical stability.
The convection and the reaction terms can be handled simultaneously by the RKDG method
without the split procedure, and the high-order accuracy can be obtained without incorporating
a wide stencil, which is more suitable for shock capturing than the QUICKEST method.

In the solution of the Poisson’s equation, to cooperate with the RKDG method, the local dis-
continuous Galerkin method (LDG) is adopted instead of the conventional boundary element
method (BEM). In the LDG method, the basis function is also the piecewise continuous Leg-
endre polynomial. Therefore, the integrals in the weak formulation of the convection-reaction
equations obtained from the RKDG method can be given analytically. Thus, the Gauss-Legendre
quadrature, which requires the evaluation of the integrands at the Gauss points, is avoided, so
that higher efficiency can be achieved compared with the combined RKDG and BEM method.

The combined RKDG and LDG method has been verified by the simulation of the space charge
transport in a low-density polyethylene sample under high dc voltage. The results show that the
method has a better performance of shock capturing over the QUICKEST method, and is more
efficient than the combined RKDG and BEM method.
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Continuous Tabu Search for the Corona Loss Calculation of the

Double-circuit High Voltage dc Transmission Lines
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Abstract— The experience for the construction and the operation of double-circuit high voltage
dc (HVDC) transmission lines is still limited in the world. The corona loss, which is caused by
the flow of ions in the space around the conductors, is one of the important factors that should

be considered for the sake of economy in the operation of the lines.

To obtain the corona loss, the distribution of ions should be calculated. In the previous work,
the Deutsch assumption was adopted, which assumes that the ions do not affect the direction
of the space-charge-free electric field. Consequently, the coupled continuity equation and the
Poisson’s equation, which describe the distribution of the ions in the steady state, are simplified
to a two-point boundary value problem (TBVP) of the ordinary differential equations (ODE).
The TBVP is established on the space-charge-free electric flux lines. The ODEs for the electric

flux lines that connect two conductors are as follows:
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This TBVP is then converted to an equivalent optimization problem by the shooting method.
However, the conventional deterministic optimization methods are usually unable to get the
solution of the optimization problem, due to the lack of approaches for choosing proper initial

values for the concentration of the ions on the conductor surfaces.

In this paper, the continuous Tabu search, which is a heuristic global optimization method, is
adopted to solve the optimization problem. It can provide the result in the global optimization
sense, without relying on the initial values. In the evaluation of the objective function, the nu-
merical integration applied to the ODEs is simplified by using Haar wavelets, in which the ODEs
are transformed into algebraic equations and the integral operator is replaced by an operational
matrix. Compared to the conventional Runge-Kutta integration method, the solution of the
TBVP with Haar wavelets is more efficient and suitable for solving the ion distribution with

abrupt variations.

The proposed method is verified by comparing it with the empirical formulas of the corona loss
for the single-circuit bipolar lines. With this new method, it is found that for the vertically
arranged double-circuit lines, the corona loss can be much smaller than the single-circuit lines by
reducing the vertical inter-spacing between the two circuits, which implies that the construction

of the double-circuit HVDC transmission lines can be more economical.
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Measurement and Interpretation of Radar Cross Section Data in an
Educational Setting: A Comparison between Simulations and
Experiments
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3Universidade de Taubaté, Taubaté, SP, Brazil

Abstract— Radar technology is ubiquitous in modern society. Its application spectrum is
very wide and new civilian and military uses for radar are currently being developed. Radars
can be used in rather mundane situations such as speed detectors or they can be carried on
spacecraft to the far reaches of the Solar System to map the surfaces of unexplored bodies.
Although contact with radar technologies happens on a daily basis, few undergraduate students
have a good grasp of the basics of radar operation and interpretation of radar data. This is
understandable given that the mathematics and physics involved in the explanation of this type
of phenomenon is very complicated. In order to improve the understanding of radar technology
and especially the interpretation of radar cross section (RCS) data by undergraduate students, we
developed a study where the RCS of objects having simple and complex geometries were obtained
using a simulation software tool and a radar training system. This training system consisted of
inverse synthetic aperture radar designed to operate at close range in an academic laboratory or
classroom environment. Both simulations and measurements were made at 9.4 GHz (X band).
The radar operated in a monostatic configuration, and vertically polarized electromagnetic waves
illuminated the study objects; these conditions were also used by the simulation software. The
comparison of results obtained by both methods served to demonstrate the advantage of using
simulations and experimental data to interpret RCS data. Moreover, the simulations provided the
students with a wealth of visual information and the radar operation allowed the students valuable
hands-on experience with rather sophisticated equipment. Thus, simulations and measurements,
in this type of setting, supplemented each other and their simultaneous use proved to be a
powerful educational tool.
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Single- and Multi-layer Microwave Absorbing Material Based on
Conducting Polyaniline and Polyurethane Polymers for Operation

in the X-band
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Abstract— The presence of spurious electromagnetic radiation at microwave frequencies in
the environment has become an ever-growing problem, with the potential to affect deleteriously
the proper functioning of many types of sensitive electronic equipment. Many technologies have
been developed to minimize this type of interference: from shielding in the form of bulky metallic
boxes to thin films and paints that absorb the incident electromagnetic radiation. In this work,
absorbent materials were produced in the form of single- and multi-layer flexible sheets containing
the conducting polymer polyaniline dispersed in a polyurethane matrix. The flexible sheets
consisted of 1, 2, 3 and 4 layers of absorbing materials, each having different electromagnetic
properties. The absorbing materials thus produced are flexible and lightweight and can serve as
an alternative to microwave absorbers produced with more traditional and heavier components
such as ferrites. Individual and combined electromagnetic properties of these materials were
analyzed using the waveguide technique in the frequency range of 8 to 12 GHz (X-Band). The
absorption of the incident electromagnetic radiation was measured for all materials as function of
the wavelength. From the measurements of the scattering parameters, the complex permeability
and permittivity were also obtained as a function of the wavelength of the materials. The multi-
layer materials exhibited characteristics of broadband absorbers in the frequency range studied.
The measured absorption of these materials was compared with absorption values derived from
analytical calculations. The good agreement between these set of values demonstrate that the
techniques used for the characterization of the materials is valid.
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Identification for Wiener Model Based on Improved PSO

Y.-H. Chen and W.-X. Lin
Faculty of Information Science and Technology, Ningbo University, Ningbo, China

Abstract— This paper studies in identification for a class of nonlinear systems described by
Wiener model based on improved PSO (Particle Swarm Optimization). The nonlinear system
identification problem is equivalent to the nonlinear minimization problem with the estimated pa-
rameters as the optimized variables subjected to different constraints. PSO is a parallel algorithm
based on swarm intelligence which is used to obtain the optimal solution to the minimization
problem (i.e., the optimal estimation of Wiener model parameters). It is also an efficient stochas-
tic global optimization technique, where each particle represents a solution to the problem being
optimized. It can find the optimal regions of complex search spaces through the interaction of in-
dividuals in a population of particles. However, the standard PSO (SPSO) has some defects such
as poor global search ability, not fast enough to be convergent and so on. In order to overcome
these defects, an improved PSO (IPSO) is proposed which sets inertial weight according to the
optimal damping ratio. Simultaneously, convergency analysis from control theory is carried out
and a range of inertia weight which is a crucial parameter to keep balance between exploration
and exploitation is given in convergence. A numerical simulation of a Wiener model identification
applying the improved PSO algorithm is provided to verify the effectiveness. The result shows
that IPSO achieves better performance in identification for Wiener model.
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A Circular Multi-conductor Transmission Line Model for Simulation
of Very Fast Transient in Circular Windings

Y. Yang and Z. J. Wang
State Key Lab. of Power Systems, Department of Electrical Engineering
Tsinghua University, China

Abstract— While modeling the windings under high frequency conditions, the turn-to-turn
model based on multi-conductor-transmission-line (MTL) is usually used so that the wave prop-
agation in the turns could be well considered. To use that method the circular coils should
approximate to a group of parallel straight lines with the same line length. However, in a large
power transformer the difference of the turn lengths at inner diameter and outer diameter may
be large, say from 15% to 20%. When all turn lengths are assumed to be the same, the coefficient
matrices of the MTL equation are not real unit length parameters. Also, it is hard to explain if
the assumption of same turn-length could cause inaccuracy in MTL model or not.

In this paper a circular MTL (CMTL) model is developed on cylindrical coordinate for modeling
wide frequency transient response in core-type transformer windings. As the insulation distances
between turns are very small compared with the wavelength and the turn-length and the resistive
losses are very small, so that the tangential components of electrical strength and magnetic
strength can be ignored in the process of mathematical development. Hence the equations of
voltage and current distribution along the coil can be obtained as follows:
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The electrical and magnetic coupling effects between turns are represented respectively by the
capacitance and inductance matrixes. Different from the straight MTL model, the equations of
the CMTL model are built in the cylindrical coordinate system, where the parameter matrixes
per radian are calculated. In this way, all lines are measured with the same ‘length’ starting at
0 radian and end at 27 radian.

Based on the proposed model, the characteristics of the travelling wave in the winding are dis-
cussed in details and some interesting conclusions are obtained. Firstly, since the transient wave
has the same line velocity, so that the travelling time on each turn of different radius will be differ-
ent. This will cause the coupling of the travelling voltages and currents in each turns more compli-
cated. Secondly, ignoring the electromagnetic wave inside the conductor at high frequency region,
the capacitance and inductance matrix have a simple relationship of [L][C] = [C][L] = pe [1] in
MTL model, but there is no such relationship in CMTL model. Thirdly, CMTL model can be
equivalently transformed to MTL model where all lines have the same length, while the coefficient
matrixes should be calculated in the original circular system.
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A New Wideband Vertical Transition between Coplanar Waveguide
and Coplanar Stripline
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Abstract— A new wideband vertical transition between coplanar waveguide (CPW) and copla-
nar stripline (CPS) is proposed and analyzed in this paper. It functions as an unbalanced-to-
balanced (balun) transformer as well. This new transition utilizes CPW-slotline mode conversion
phenomenon to convert CPW mode to CPS mode. Ansoft HFSS is employed to analyze this ver-
tical transition which is based on thin-membrane structure and a very wide transition bandwidth
is observed.
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A Novel Configuration of Temperature Compensation in
Rectangular Waveguide Resonant Cavities

Xiao-Dan Pan and Qiang Sui
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Abstract— In this paper, the frequency shift of rectangular waveguide resonant cavity caused
by temperature change is discussed. Analytical results in different situations are presented in the
paper. A metal cylinder is applied in rectangular waveguide. By changing some parameters, such
as the diameter and the depth of the metal cylinder inserted into the resonant cavity, a perfect

temperature compensation performance can be achieved.

A novel temperature compensation method is proposed, in which SCM (Single Chip Microcom-
puter) is used to control the depth of the metal cylinder inserted into a resonant cavity in order
to adjust resonant frequency which is caused by temperature change. A frequency compensation
system which is based on the SCM and digital monobus technology is designed. This system is
studied mainly by using AT89C51 single chip, 1-wire digital temperature transducer DS18B20,
LCD, L297, 1.298 and linear-stepping motor. Taking temperature as the parameter, it can com-
municate with the single chip and control the linear-stepping motor to impel the metal cylinder
up and down, so that the frequency shift can be compensated. In this system, the change of
the temperature in the cavity is transformed into the change of electric current and then into
the change of voltage by using the temperature sensor. The change of voltage is input into the
A /D conversion units and the output is dealt with by SCM. Under the control of the SCM, the
metal cylinder is droved by linear-stepping motor to change the depth inserted into the resonant
cavity. At the same time, the real time temperature in the cavity can also be displayed on the

LCD under the control of SCM.

The proposed method is applied on a rectangular waveguide cavity, which is equipped with the
proposed temperature-compensation system. Experiment verification of the rectangular waveg-
uide has been carried out, and the results of simulation and measurement are given in this paper.
The results demonstrate that by using the temperature-compensation system, the resonant fre-

quency remain approximately unchanged.
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Universal Electronically Tunable Current-mode Filter Using CCClIlIs

H.-P. Chen and P.-L. Chu
Department of Electronic Engineering, De-Lin Institute of Technology, Taiwan, R.O.C.

Abstract— A novel universal electronically tunable current-mode filter with three inputs and
three outputs using three multiple-output current-controlled conveyors (MO-CCCIIs) and two
grounded capacitors is proposed. The proposed configuration can be used as either a single-input
three-output or three-input single-output. It can simultaneously realize all five different generic
filtering signals: lowpass, bandpass, highpass, bandreject and allpass, unlike the previously re-
ported works. It still maintains the following advantages: (i) the employment two grounded
capacitors ideal for integrated circuit implementation, (ii) high output impedance good for cas-
cadability for the current-mode circuits, (iii) no need to impose component choice, (iv) no need
to employ inverting-type current input signals, and (v) low active and passive sensitivity per-
formances. H-Spice simulations with TSMC 0.35 um process and +1.65V supply voltages are
included and confirm the theoretical predictions.



Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009 125

Planar Fresnel Zone Lens Antenna
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Abstract— The Fresnel zone plate is a planar device that produces lens-like focusing and imag-
ing of electromagnetic waves. In this design, we want to develop a planar Fresnel zone antenna
with high gain and low side-lobe planar focusing antenna. Based on Fresnel diffraction theory
and simulate the EM wave analysis, and measured the radiation pattern. The characteristics
of pattern radiation of gain, efficiency, and low side-lobe by measured data. These effects are
produced by diffraction, rather than refraction. The zone plate transforms a normally incident
plane wave into a converging wave, concentrating the radiation field in a small region about a
point that has all the characteristics usually associated with the focal point of a metal lens, as
shown in Figure 1 [1].

Figure 1: The fresnel zone plate antenna structure.
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Abstract— Dielectric resonator antennas (DRA) are attractive as alternative to patch antennas
because of their small size and wideband bandwidth. This DRA is positioned over a feeding pad
in a conducting ground plane in a way that excites the H EM mode. The DRA offer advantages
such as low cost, ease of manufacture, wider bandwidth, and high radiation efficiency. This design
presents an examination of DRA (Fig. 1) operated at C band frequencies. A parametric study
is performed to optimize the antenna performance and a prototype for microwave and WLAN
application has been designed and measured.
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Figure 1: The proposed DR antenna structure.
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Antenna Pattern Measurement
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Abstract— Wireless systems, especially require antennas and wireless system integration and
requirements. They include operation near the human body effect, operation in a multi path and
fading environment, extremely small antenna size, receiver diversity, multi frequency operation,
radiation pattern performance and adaptive antenna techniques. Unique quality factors, in con-
trast to the classical ones, are also introduced such as parameters of total radiation efficiency,
mean effective gain and correlation coefficience. A measurement method [1,2] is described for
analying the pattern averaged gain (PAG) mean effective gain (MEG) of antenna in 3D far field
chamber environment. By using (1) and (2) the expression for the PAG and MEG can be cal-
culate [1,2]. And the mean incident power ratio Py /Py represents the cross polarization power
ratio (XPR), by using (3). Based on response of mobile antenna, the 3D measured results of
PAG, MEG, and XPR are measured.
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Simulation of Induction Cookers with Different Structure and

Material Parameters by the Finite Element Software
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Abstract— An induction cooker is usually made up of a flat-type spiral coil, on which the pan to
be heated is placed. Beneath the coil a ferrite disc is placed to obtain strong magnetic field. The
basic principle of induction cooking is electromagnetic induction law and the eddy current loss.
The eddy current loss is of non-linear relationships with the electrical and structure parameters.
Generally, it is not easy to obtain the quantitative influence with the eddy current loss by the
parameters. We must employ the software for electromagnetic field numerical calculation to
simulate the induction cookers.

The coupling between the coil and the pan is modeled as the series connection of an inductor and
a resistor, based on the transformer analogy. The value of the equivalent inductor and resistor
can be obtained by the electromagnetic field analysis on induction cooker. And then the power
and the efficiency of induction cooker can be calculated by the circuit analysis method.

In this paper, the electric power and the efficiency of induction cookers, concerning with different
electrical and structure parameter, are simulated by the finite element software. The parameters
include the frequency of exciting current, different material and thickness of the pan, different
height between the coil and the bottom of the pan, as well as different material and thickness
of the ferrite disc. Meanwhile, the effect of adjusting some parameters has been measured. The
experimental and the computational results are in good agreement.

By the simulation, the efficiency of induction cookers against the frequency of exciting current,
the permeability and the conductivity of the pan, and the thickness of the pan is obtained.
The parameters which may provide the highest efficiency are suggested. The electromagnetic
environment is also analyzed around the cookers, based on the electromagnetic field restriction
standard.
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Abstract— The pulsed power supply generates great current pulse that would reach several
hundreds thousands amperes. Thereby, the measurement of the spatial and temporal distri-
butions of the radiated electromagnetic fields could be useful to analyze the electromagnetic
interference to the electronic apparatuses around the power supply. Two types of pulsed power
supplies are focused. They all use capacities as their energy storage modules, while one type
of supply uses trigatron switches (the spark gap switch with three electrodes), and the other
uses SCR (Silicon Controlled Rectifier). The main pulse current of the first supply lasts several
milliseconds, and the current peak can reach up to 40,000 amperes. The second also lasts several
milliseconds, and the current peak reaches up to 500,000 amperes. Several B-dot loop probes,
D-dot probes and a digital oscilloscope, with enough sampling rate and memory depth, are used
to measure the magnetic field and the electric field around the supplies separately. The magnetic
field near the switches of the two types of supplies is focused especially. By the measurement of
the radiated magnetic field around the supplies, we get the spatial and temporal distributions of
magnetic field. The probe proofreading certification experiment is also developed to verify the
probe coeflicients. With the corrected experimental data, we get the waveforms of magnetic field

in time domain. The electric field around the supplies is very small.

The different characteristics of the electromagnetic filed between the two types of supplies will be
discussed in the full paper. The comparisons between the two pulsed power supply, using trigatron
switches and SCR respectively, have been made, and the results show that the radiation magnetic
field of the pulsed power supply using spark gap switches has the spectrum that could reach up

to 10 MHz, while the spectrum of the supply using SCR is less than 100 kHz.
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Abstract— IEEE 802.15™ working group has designed the IEEE 802.15.4 standards to target
the low-rate wireless personal area network (LR-WPAN) which is characterized by low complex-
ity, low cost and low power. The IEEE 802.15.4 standards specify operations of the physical layer
(PHY) and medium access control (MAC) sublayer. These standards are to ensure acceptable
system performance in terms of network PHY collisions, MAC collisions, throughput, average
transmission delay and energy efficiency. Yet there are a number of factors that may affect the
system performance, including beacon order (BO), backoff exponent (BE), contention window
(CW), existence of hidden terminal problem, and existence of acknowledgement (ACK) mech-
anism. Understanding the impacts of these factors is of great importance in system design to
improve performance. These impacts are examined numerically via network simulator (NS2) in
the current work, which leads to some nontrivial findings.
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Abstract— In this paper, we analyze the performance of unsaturated slotted medium access
layer (MAC) as specified by the IEEE 802.15.4 standard. The analytical tool that we use to
model the behavior of uplink transmission of a standard compliant device is the Markov chain
model, a general framework that also used by some other researchers (e.g., Bianchi, Pollin, Misic).
Yet we deviate from their approaches essentially in one way or another. We consider different
types of traffic, including saturated and unsaturated, with the source process being Poisson. In
the unsaturated case, the idle time is allowed to be random to reflect the realistic scenario. We
discard the assumption about independent carrier sensing probabilities among devices, except
for the first transmission attempt. When retransmission is required due to collision, there are
conditions under which independence of carrier sensing may or may not hold. Such conditions
are explicitly identified and incorporated in our model. The effect of beacon order (BO) is also
included. Validity of our model is verified by good agreement between model predictions and
numerical simulations via Network Simulation (NS2) of key model parameters and of system

performance descriptors such as throughput.
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Abstract— Low-rate personal area network (LR-WPAN) specified by the IEEE 802.15.4 stan-
dards is characterized by low complexity, low cost and low power. It holds great potential in many
fields, such as telemetry, patient monitoring, and industrial automated control. Yet one of the
most important determining factors is the power consumption, since most standards compliant
devices are believed to be battery-powered.

In this paper, we analyze power consumption of the sleep mode, specifically, the indirect mode in
downlink transmission and the direct mode in uplink transmission. Analysis by other researchers
and by our own indicates that overhearing presents a significant problem in energy waste and
should be avoided. Yet unlike the case of IEEE 802.11 wireless local area network (WLAN)
where RT'S/CTS mechanism is specifically adopted to this end, LR-WPAN is designed to operate
without RTS/CTS to reduce system complexity. To attack the overhearing problem, we propose
a sleep mechanism in the backoff stage in uplink transmission. The efficiency of such mechanism
is evaluated analytically using the system model that we have recently developed and is verified
numerically via network simulator (NS2).
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Throughput Analysis of Delayed Acknowledgement over 802.15.3
WPAN with Hybrid ARQ Retransmission

R. F. Lin!, L. Rong?, Q. Xu!, and Y. Du!

'The Electromagnetics Academy at Zhejiang University, Zhejiang University
Hangzhou 310058, China
2Shanghai Research Center for Wireless Communications
Shanghai 200050, China

Abstract— The EU IST project My personal Adaptive Global NET (MAGNET) project aims
at user-centric service provision, with an emphasis on personalisation, adaptation, interoperabil-
ity, personal networking and interconnecting heterogeneous networks. It strives to provide users
secure and seamless communications. Yet it is a challenging task to maintain a guaranteed QoS
for all in-session traffic flows when a moving cluster of a personal network (PN) causes the micro-
or macro-mobility handoff. The primary QoS parameters of concern are end-to-end packet delay
and packet loss. The high data rate (HDR) services of MAGNET project to large degree belong
to the QoS sensitive streaming multimedia traffic, thus require a handoff delay under 100 ms
according to the ETSI QoS specification.

In this paper, we propose a handoff scheme that incorporates two mechanisms: 1) make-before-
break to realize soft handoff; 2) SIP, since its operation is transparent to the underlying network,
thus well suitable for interconnecting heterogeneous networks, and in the meanwhile it is heavily
deployed in the 3GPP standards.

However, there are still other issues to be considered. For instance, in the old SIP handoff
scheme, it will send a new INVITE to establish connection after obtaining the new IP address,
which causes packet loss and considerable re-connection delay. To deal with this issue, we propose
to use the INVITE/JOIN mechanism. The associated potential redundancy at both the mobile
host (MH) and corresponding host (CH) is also well taken care of. Finally we present some
numerical results to demonstrate the effectiveness of our approach.
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Comparative Study of MAC Scheduling Schemes for IEEE 802.15.3

GuangDi Yang!, Lu Rong?, Dingyuan Tu?, Rufeng Lin!, and Yang Du'
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Abstract— In this paper we examine the performance of a variety of HDR MAC scheduling
schemes using numerical simulations, with a focus on channel aware schemes. The performance
determinant factors, such as traffic characteristics, terminal mobility, and channel conditions, are
included in this study in order to ensure the results more relevant to realistic wireless personal
area network (WPAN) scenarios.

The scheduling algorithms under consideration are 1) SRPT; 2) the exponential rule (EXP); 3)
the modified largest weighted delay first rule (M-LWDF); 4) the proportionally fair rule (PROP-
FAIR); and 5) the maximum rate rule (MAX-RATE). We find that under good channel conditions
and light network load, the EXP and M-LWDF algorithms tend to have better performance in
terms of average throughput and job failure than others; on the other hand, under heavy traffic
conditions, these two schedulers suffer from a drastic performance degradation, since none of
them gives sufficient consideration for the cases of packet loss or timeout. SRPT rule appears to
have the minimal system response time in this case. In addition, because of its non-preemptive
characteristic, SRPT is fairly robust among these schedulers against adverse channel conditions
and heavy traffic load. However, since SRPT prefers small packets to large ones, it is unsuitable
for cases where large packets are important.

Our findings shed light on the features of the prevailing scheduling algorithms and their suitability
in WPAN flow scheduling, and are useful in designing new scheduling algorithms.
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On the Convergency Properties of Translational Addition Theorems

W. Z. Yan!, H. Wu!, Y. Du!, Q. W. Xiao!, D. W. Liu!, and J. A. Kong!?

!The Electromagnetics Academy at Zhejiang University, Zhejiang University
Hangzhou 310058, China
2Department of Electrical Engineering and Computer Science
Massachusetts Institute of Technology, Cambridge, MA02139, USA

Abstract— Translational addition theorems are powerful analytic tools to translate a multi-
pole expansion of an electromagnetic field from one to another coordinate system and are of
considerable importance for a wide range of electromagnetic scattering problems. For instance,
to study the multiple volumes scattering behavior, a coupled linear system may be used, where
the electromagnetic fields are expanded in terms of vector spherical harmonics, which may need
to be translated from the center of a scatterer to that of another. The convergence property of
translational addition theorem thus bears its influence on the convergence of the linear system.

In this paper we review several efficient methods for calculating both scalar and vector transla-
tion additional coefficients and check the convergence properties of translational addition theorem
from a numerical point of view. As expected the convergence behavior depends on the configura-
tion and the harmonic function. For the extreme cases there may only need a few addition terms
to guarantee convergence on one hand and a few hundred terms on the other hand. The latter case
indicates that caution may need to be taken against common engineering practice where several
tens of terms are commonly used. We illustrate such effect through multiple-sphere scattering
problems.
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SIP-based Mobility Management in HDR System

Bing Zhao', Lu Rong?, Peng Qiao', and Yang Du!
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Abstract— The EU IST project My personal Adaptive Global NET (MAGNET) project aims
at user-centric service provision, with an emphasis on personalisation, adaptation, interoperabil-
ity, personal networking and interconnecting heterogeneous networks. It strives to provide users
secure and seamless communications. Yet it is a challenging task to maintain a guaranteed QoS
for all in-session traffic flows when a moving cluster of a personal network (PN) causes the micro-
or macro-mobility handoff. The primary QoS parameters of concern are end-to-end packet delay
and packet loss. The high data rate (HDR) services of MAGNET project to large degree belong
to the QoS sensitive streaming multimedia traffic, thus require a handoff delay under 100 ms
according to the ETSI QoS specification.

In this paper, we propose a handoff scheme that incorporates two mechanisms: 1) make-before-
break to realize soft handoff; 2) SIP, since its operation is transparent to the underlying network,
thus well suitable for interconnecting heterogeneous networks, and in the meanwhile it is heavily
deployed in the 3GPP standards.

However, there are still other issues to be considered. For instance, in the old SIP handoff
scheme, it will send a new INVITE to establish connection after obtaining the new IP address,
which causes packet loss and considerable re-connection delay. To deal with this issue, we propose
to use the INVITE/JOIN mechanism. The associated potential redundancy at both the mobile
host (MH) and corresponding host (CH) is also well taken care of. Finally we present some
numerical results to demonstrate the effectiveness of our approach.
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Diffraction Grating of Azo Dye Doped Liquid Crystals

Shuan-Yu Huang' and Chie-Tong Kuo?
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Abstract— Diffraction properties of azo dye doped liquid crystals with a periodic electrode are
studied. With an external voltage of ~ 5.0V, the first order diffraction can reach to a maximum
value in this experiment. The polarization state of the first order is also discussed, and it shows
+1 and —1 diffraction orders are antisymmetrical. The intensity of diffraction can be improved

with appropriate amount of azo dye.
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EM Inverse Scattering Versus Compressive Sensing: A New
Perspective to an Old Discussion

Lianlin Li, Wenji Zhang, Yin Xiang, and Fang Li
Institute of Electronics, Chinese Academics of Sciences, Beijing, China

Abstract— Recently, Compressive Sensing (CS) proposed by Donoho, Candes, Romberg and
Tao etal. is a revolutionary signal sensing theory, consequently, become a very attractive and
promising field, by which the data can be sampled much less than one required by Nyquist
principle.

From the Nyquist’s viewpoint, the solution to the considered problem is non-unique if the mea-
sured data are under-sampled; however, from the CS’s viewpoint, the solution to the same prob-
lem can be unique only if the measure matrix satisfies the so-called restricted isometry principle
(RIP) (see Appendix). In this presentation, within the framework of CS, the unique solution
to the problem of diffraction tomography is reconsidered, by which the optimal sampled data
related to the unknown object(s) is constructed. In addition, the well-known migration algo-
rithm(s) is/and also checked, from which the sample data also can be much smaller than one
required by Nyquist principle.

Appendix: The Restricted Isometry Principle (RIP)

Considering the complex matrix ® with size of n by m (n << m), let T C J be a set of indices,
where the set J = {1,2,...,m} indexes all columns of ®; T identifies an indexed subset of columns
in ®, and ®r represents the submatrix ® for which only these columns are retained. Consider
Ore = > jer G fj, where f; represents the jth column of ®, and the c¢; are the arbitary complex
numbers. Candes and Tao define the S-restricted isometry constants dg to be the smallest quantity
such that ®7 obeys (1 — dg) [|c[]7, < ||<I>T0H122 < (1+6s) [|cll7, for all subsets T' C J of cardinality

IT| < S and all complex coefficients {c;},c7-



Session 2A1
Plasmonics Nanophotonics: Theory

Dirac Spactra in Plamonic Systems: Honeycomb and Triangular Lattices

Dezhuan Han, C. T. CRaMy, ... e e e e e e e 140
Hybrid Plasmonic Excitation Induced Optical Rotation at Near-IR Wavelength

Tao Li, Hui Liu, Shu-Ming Wang, Shi-INing ZRU, . ........oooe ot 141
Tunable Plasmonic Metamaterials for Subwavelength Focusing

Xuegqin Huang, Shiyi Xiao, Lei ZROU, . ... e 142

Local Transmission Amplification for Resonant Tunneling Effects Caused by Surface Plasmon Excitations

Peng-Hsiao Lee, Yung-Chiang Lan, ......... ... o 143
Enhanced Spontaneous Emission by Gold Nanodimer

Mao-Kuen Kuo, J.-H. Chen, Jiunn-Woei Liaw, ..............oouuuumiieaiiiii .. 144
Optical Force Modeling by the Boundary Element Method

Jun Jun Xiao, C. T. CRAT, ... e e e e e 145
Surface Plasmon Waves of Curved Metal-dielectric Interfaces

Po-Tsang Wu, Jiunn-Woei Liqu, ...........oooomn ettt 146

Subwavelength Photonics beyond the Diffraction Limit and Photolithography Application
Kuan-Ren Chen, W. H. Chu, H. C. Fang, C. P. Liu, C. H. Huang, H. C. Chui, C. H. Chuang,
Y. L. Lo, C. Y. Lin, S.J. Chang, F. Y. Hung, K. J. Chen, Z. S. Hu, H. H. Hwuang, Andy Yong-

gut Fuh, J. S. Hong, H. Y. Lin, C. C. Liao, Y. C. Chen, ..........cououiiimiiiiiiianaen. 147
Survey the Absorption of Plasmonic Energy in Metal Nanostructures

Sheng Chung Chen, Din Ping TSAi, ............o.ouoe e 148
Electromagnetic Field Enhancement and Magnetooptical Effects in Plasmonic Heterostructures

Vladimir I. Belotelov, D. A. Bykov, L. L. Doskolovich, A. N. Kalish, A. K. Zvezdin, .............. 149

139



140 Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009

Dirac Spactra in Plamonic Systems: Honeycomb and Triangular
Lattices

Dezhuan Han and C. T. Chan
The Hong Kong University of Science and Technology
Clear Water Bay, Kowloon, Hong Kong, China

Abstract— Recently, graphene has received considerable interest because of the existence of
Dirac points that offer remarkable electronic properties due to the specific topology of the band
dispersion. The Dirac spectra in two dimensional (2D) photonic crystals (PCs) for electromag-
netic waves have also been identified and the Dirac-point-derived edge states are found to exhibit
novel transportation properties when time-reversal symmetry breaking is introduced. Although
both graphene and 2D PCs support Dirac dispersions, the Dirac spectrum in graphene is derived
directly from the nearest-neighbor hopping of bound electron states in a honeycomb lattice, while
that in 2D PCs is a consequence of the coupling of scattering photons. In this work, we study
theoretically the plasmonic band structures of metal nanospheres arranged in honeycomb and
triangular lattices. The plasmonic lattice is an open system that supports both guided modes
and leaky modes, and in this context, it bears similarity to both electronic systems and PCs.
On the other hand, unlike the Dirac dispersions found in graphene and 2D PCs, which are for
“scalar waves” only, the plasmonic systems require vector wave description. Our results reveal
the honeycomb plasmonic lattice possesses Dirac points for out-of-plane and in-plane modes that
bear respectively scalar wave and vector wave characteristics. We also found guided edge states
when an edge is present in semi-infinite (finite) systems. The conditions for the existence of
Dirac-point-derived edge states in honeycomb plasmonic lattices are derived analytically. The
difference between honeycomb and triangular lattices is discussed.



Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009 141

Hybrid Plasmonic Excitation Induced Optical Rotation at Near-IR
Wavelength

Tao Li, Hui Liu, Shu-Ming Wang, and Shi-Ning Zhu
National Laboratory of Solid State Microstructures
Nanjing University, Nanjing 210093, China

Abstract— Since the pioneering work of extraordinary optical transmission (EOT) [1], the
interaction between the light and surface plasmon in metallic micro/nano structures has arrested
a growing attention of researches. However, most of these works are focused on the enhanced
intensity of transmitted light. On the other hand, polarization property is another important
feature of the optics. Although some research noticed effect using metamaterial to manipulate the
polarization of the electromagnetic waves, their studies either acquired complex nanostructures [2]
or performed at microwave region [3]. So in this study [4], we make a detailed investigation on the
polarized optical transmission properties through an L-shaped hole array in silver film at near-
IR wavelength. Besides the enhanced transmission due to the combined plasmonic excitations,
strong optical rotation was definitely observed at specific polarized incidences. After elaborate
analyses, two eigenmodes were clearly characterized as the results of the hybrid localized plasmon
resonances. Any polarization states from the incidences will degenerate into these two eigenstates
after transmissions, suggesting a practical method to manipulate the polarization of light. Our
result demonstrates the giant rotation rate achieved by the nanothin sample, indicating potential
applications in the micro-optical devices.
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Tunable Plasmonic Metamaterials for Subwavelength Focusing

Xueqin Huang, Shiyi Xiao, and Lei Zhou
Surface Physics Laboratory (State Key Laboratory) and Physics Department
Fudan University, Shanghai 200433, China

Abstract— We show that a metallic plate with subwavelength fractal-shaped slits supports
surface plasmon polaritons with plasmon frequencies tuned efficiently by the geometry of the
fractal structure. We derive effective-medium models to describe such tunable plasmonic meta-
materials (TPM), and found that the latter can mimic plasmonic metals in frequency regimes
beyond the (fized) plasmon frequencies of natural metals (gold, silver, etc.). As one application of
our TPM, we show that one can use it to focus light sources with subwavelength imaging abilities
and enhanced field strengths. Finite-difference-time-domain (FDTD) simulations are performed
to design realistic TPM’s and verify all predicted phenomena.
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Local Transmission Amplification for Resonant Tunneling Effects
Caused by Surface Plasmon Excitations

Peng-Hsiao Lee and Yung-Chiang Lan
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National Cheng Kung University, Taiwan, R.O.C.

Abstract— Surface plasmons (SPs) are the coherent fluctuations of the electron charges at
the metal-dielectric interface. The phenomenon of resonant tunneling through thin metal films
with periodic grooves is attributed to excitation of standing waves of coupled SP modes in the
grooves on two opposite surfaces. The tunneling frequencies and transmission powers can be
modulated by changing relative permittivity filling in the grooves, which results from the change
in characteristics of coupled SPs of the metal-insulator-metal structure.

In this work, enhancement of the local transmission power in the main groove for resonant
tunneling by adjusting relative permittivity filling in the side grooves is proposed and studied
via computer simulation. The simulated structure is shown in Fig. 1. A p-polarized plane
wave is normally incident into a silver film with periodic grooves on film’s both surfaces. The
finite-difference time-domain (FDTD) method with the Drude dispersion model is utilized in this
simulation.

Figure 2 presents the local output-power amplification in the main groove as a function of relative
permittivity filling in the side grooves. Our simulation results exhibit that the local output power
is increased as relative permittivity in the side grooves increases and approximates to a saturated
value finally. The increase in distance between two adjacent grooves also increases the output
power enhancement. The observed local power enhancement is attributed to reflection of power
from the side grooves that re-entering the main groove and tunneling to the other side. These
phenomena will be useful for designing new plasmonics devices.
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Figure 1: Simulated structure. Figure 2: Local power amplification as a function of
relative permittivity filling in the side grooves.
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Enhanced Spontaneous Emission by Gold Nanodimer
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Abstract— The enhancement of a single emitter’s spontaneous emission by a gold nanodimer (a
pair of nanoparticles) is studied by using multiple multi-pole (MMP) method. A simple two-stage
model of the spontaneous emission is used for analysis, including the excitation and the following
emission stages. The emitter is assumed located within the gap of the nanodimer. For the first
stage, the amplification of local-field intensity is calculated by a model of an incident plane wave
irradiating upon the nanodimer. Further, for the emission stage, the normalized nonradiative
and the radiative decay rates of an electric dipole (the excited emitter) in the presence of the
nanodimer are also studied, and then the quantum yield of the system in terms of both decay rates
is obtained. The results indicate that the overall effect of gold nanodimer on the spontaneous
emission depends on the gap and the radius of the nanodimer, as well as the absorption and
emission spectra of the specific emitter. In addition, the life time of the emission is dramatically
reduced by the nanodimer, due to the energy transfer between the dipole and the nanodimer.
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Optical Force Modeling by the Boundary Element Method
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Abstract— Optical manipulation has been an area of active research in the past few decades.
However, theoretical studies come across various challenges in providing accurate electromagnetic
computational approaches for efficient modeling of such systems. In this context, we develop and
implement a numerical scheme to compute optical forces in complex structures based on the
Maxwell stress tensor and boundary integral equations. The equations are numerically solved
using the boundary element method. Within the framework of this method, the objects can
be of arbitrary shape with sizes that are either larger, comparable, or much less smaller than
the wavelength concerned. The constituent components can be either dielectric or metallic. As
concrete examples, we first demonstrate the efficiency of this method by calculating the optical
scattering and radiation pressures exerted on 2D objects under the illumination of both plane
wave and cylindrical Gaussian beams. The results are validated by comparing to analytical
Mie scattering results on circular cylinders. We then applied the method to study the geometric
resonance enhancement of optical forces and the effect of surface roughness on such enhancement.
Furthermore, we take advantages of this approach to modeling whispering gallery resonant force
in the presence of a substrate.
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Surface Plasmon Waves of Curved Metal-dielectric Interfaces
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Abstract— In this paper, the dispersion relations of surface plasmon wave (SPW) along convex
or concave metal-dielectric interfaces of different radius of curvature are discussed. For a given
frequency, the characteristic equation of SPW in terms of Bessel and Hankel functions is solved
numerically to obtain the unknown complex order, which is the product of the radius of curvature
and the wavenumber. Two metals (Au, Ag) and different dielectric media (air, water, glass) are
studied. Our results indicate that the phase velocity of SPW along a convex interface is always
less than that of SPW along a planar, whereas the phase velocity of a concave case is always
faster than that of a planar one. For both cases, the attenuation constants are larger than a
planar one, due to the radial radiation of the energy into the surrounding medium, except the
dissipation in the metal.
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Subwavelength Photonics beyond the Diffraction Limit and
Photolithography Application
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Institute of Biomedical Engineering, National Cheng Kung University
1 University Road, Tainan 70101, Taiwan, R.O.C.

Abstract— Diffraction limits the behaviour of light in any optical system and sets the smallest
achievable line width at half the wavelength, which is the ultimate manipulability and resolution
of numerous diagnostic and fabrication instruments. The diffraction limit was the inspiration for
Heisenberg’s quantum uncertainty principle that is a foundation of modern science; in fact, they
can be deduced from each other. We note that the wave function within a slit whose width is
smaller than half the wavelength is not considered in either of the above theories. Thus, herein
we demonstrate that by utilising a new metallic subwavelength aperture as the lens to preserve,
generate and squeeze the sub-limit wave functions an incident light can be focused to a single-
line width beyond the diffraction limit. The fields focused by the lens with the focusing aperture
beyond the limit (FAB; i.e., “fabulous”) are verified to be radiative with a momentum capable
of propagating to the far zone as concerned by the limit and in sharp contrast to the evanescent
near-field that cannot propagate in free space, such as occurs in a super lens. The light focusing
process of the FAB lens, besides being of academic interest, is expected to open up a wide range
of application possibilities. For example, this removes the limit on lithography that is the key
issue preventing the semiconductor industry from progressing according to Moore’s Law and also
what limits the imaging and manipulation of biomoleculars with propagating light, especially in
the harmless visible range.



148 Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009

Survey the Absorption of Plasmonic Energy in Metal
Nanostructures

Sheng Chung Chen' and Din Ping Tsai?
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National Taiwan University, Taipei, Taiwan, R.O.C.

Abstract— Metallic nanostructures can absorb optical energy, and the absorbed energy is con-
sumed by collective motion of free electrons, that is the generation of surface plasmons. More and
more applications are developed and proposed based on such mechanism. For example, surface
plasmon resonance (SPR) on a metallic thin film coated on a glass prism, it has been imple-
mented to biosensors [1]. For discrete nanostructures, dipole nanoantenna is one of well known
applications of optical energy receiver [2], and it could be a fundamental device for interfacing
light to nanoscale elements. Recently, a new application of metamaterial is proposed that it can
be used as a bio-detector. A novel structure named as “planar wallpaper group metamaterial”
is constructed, and it has different resonant frequencies which coincide with those of vitamin H.
This match could form the basis of a bio-detector [3]. Besides, the well known extraordinary
optical properties of nanostructures, such as Surface Enhanced Raman Scattering (SERS), sub-
wavelength transmission, negative refraction, are all correlated with the process of absorption
and consumption of the incident optical energies. During the consumption, the energy could
radiate away from nanostructures but the intensity, frequency, and direction of the re-emit light
might be different from the incident light.

Plasmonic energy emphasizes the absorbed optical energy which is exhausted by collective motion
of free electrons. We will base on the analyses of such collective motion and further to study that,
besides the re-emit light, whether the plasmonic energy could be transferred to another type of
energy, for example, electricity or heat.
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Abstract— Optical properties of plasmonic heterostructures, i.e., metal-dielectric periodically
nanostructured materials (metallic gratings, perforated films) which can sustain the propagation
of the surface plasmon-polariton waves, are shown to have some peculiarities leading to new
optical effects like the effect of the extraordinary optical transmission and magnetooptical Faraday
effect [1,2]. Moreover, such systems have some other interesting properties.

In this work, we consider a bilayer system of the periodically perforated with the holes arrays
metallic layer (silver or gold) and a dielectric layer magnetized either in longitudinal or polar con-
figurations (bismuth iron garnet). By varying the thickness of the dielectric layer it is possible to
achieve quasi-waveguiding conditions. Magnetooptical effect determined by the relative intensity
change while passing between magnetized and demagnetized states of the magnetic layer is found.
It is quadratic in magnetization and shown to be related to the quasi-waveguiding in the magnetic
layer. This effect can be attributed to the class of so-called orientational magnetooptical effects
observed earlier for uniform magnetic films [3]. However, orientational effects in nanostructured
media is several times or even an order of magnitude lager then that for the smooth films.

The other very important phenomenon related to the excitation of surface plasmon-polaritons is
related to the electromagnetic field enhancement in the vicinity of the metal-dielectric interface.
For example, the increase of the field intensity leads to the growth of some nonlinear effects. In
this work, we investigate another very interesting consequence of the field enhancement. This is
the increase of the local stationary magnetic field appearing due to the inverse Faraday effect while
the heterostructure is illuminated by the circular polarized light. We show that the stationary
magnetic field can be made an order of magnitude lager being compared to the uniform non-
plasmonic case. Such increase of the magnetic field implies possibility of much more efficient
remagnetization process and consequently writing magnetic bits at record-breaking subpicosecond
time scale.

ACKNOWLEDGMENT

Work is supported by RFBR, (07-02-01445, 07-02-92183, 08-02-00717, 07-07-91580), Russian foun-
dation “Dynasty”, and “Progetto Lagrange-Fondazione CRT”.

REFERENCES
1. Ebbesen, T. W., H. J. Lezec, H. F. Ghaemi, T. Thio, and P. A. Wolff, Nature, Vol. 391, 667,
1998.
2. Belotelov, V. 1., L. L. Doskolovich, and A. K. Zvezdin, Phys. Rev. Lett., Vol. 98, 77401, 2007.
3. Krinchik, G. S. and E. A. Gan’shina, Zh. Eksp. Teor. Fiz., Vol. 65, 1970, 1973.



150 Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009




Session 2A2
Modeling, Characterization and Measurement for

Microwave and Millimeter Wave Applications

Fast Algorithms of Full Vector Wave Propagation between Parallel and Tilted Planes
Ming Bai, Ming Jin, Shan Yang, Jungang Miao, ...............eeueemi .. 152
Design of Quasi-optical Multiplexer and Calibration System for FY-4 Microwave Meteorological Satellite

Jungang Miao, Zheng Lou, Ming Bai, Chongbin Yao, Shili Yu, Gaofeng Liu, .................. ... 153
General Dispersion for Conditional and Unconditional FDTD Algorithms

George W. Pan, . ... e e e e e e 154
Perfect Plane Wave Injection for Crank-Nicholson Time Domain Method

Zhenyu Huang, George W. Pan, Rodolfo E. Diaz, ...........ouueeaa .. 155
Multi-reflector Antenna System Analysis by Multiresolution MoM and Diffracted Gaussian Beams

Le Wang, Jungang Miao, George W. Pam, ............eum i 156
High Precision Characterization of Complex Permittivity in Broadband

Zhonghai Guo, George W. Pan, Rodolfo E. Diaz, ...........oouum i 157

151



152 Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009

Fast Algorithms of Full Vector Wave Propagation between Parallel
and Tilted Planes

Ming Bai, Ming Jin, Shan Yang, and Jungang Miao
Electromagnetics Laboratory, School of Electronic Information and Engineering
Beijing University of Aeronautics and Astronautics, Beijing 100191, China

Abstract— The propagation of electromagnetic wave in a homogenous linear medium has al-
ways been a fundamental problem. The solutions of the wave diffraction have been extensively
studied with the scalar and the vector diffraction theories. The Rayleigh-Sommerfeld (RS) theory
is most widely applied, which is well-known to produce the accurate solutions for both near-field
and far-field diffraction. The calculation for scalar wave propagation between parallel planes
requires a two dimensional RS diffraction integral to be solved. The numerical calculation of the
integrals can be time assuming for large plane area. However, it is realized that the mathematical
nature of the scalar RS integral is a two dimensional convolution, which can be calculated with
Fourier transform and inverse Fourier transform, therefore the whole integral calculation can be
significantly accelerated utilizing the FFT techniques. The Fresnel and Fraunhofer approxima-
tions are no longer necessary in case of numerical evaluation of the beam propagation either
close the optical axis or not. The angular spectrum treatment of the plane waves is proved as
another equivalent solution for RS integral via spatial frequency domain, and a suitable method
for wave propagation between tilted planes, which is also capable of being calculated with FFT
techniques.

The calculation of scalar wave propagation between parallel or tilted planes has been studied and
implemented using FFT method. The vector wave propagation calculation is more required for
accurate and intensive wave analysis. In this work, we present algorithms for full vector wave
diffraction calculation based on vectorial version of RS integrals, preserving advantage of the
FFT technique for fast calculations. The calculation of the vectorial diffraction between parallel
or tilted planes is carried out using fast convolution for RS integrals and the angular spectrum
transform respectively, both implemented with FFT method. The backward wave diffraction
based on the RS integral is also studied and implemented for further extensive application of the
algorithm.
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Design of Quasi-optical Multiplexer and Calibration System for

FY-4 Microwave Meteorological Satellite

Jungang Miao', Zheng Lou', Ming Bai', Chongbin Yao?, Shili Yu?, and Gaofeng Liu?

IElectromagnetics Laboratory, Beihang University, Beijing 100191, China
2Shanghai Academy of Spaceflight Technology, Shanghai 201109, China

Abstract— The FengYun-4 (FY-4) is China’s second-generation geosynchronous meteorologi-
cal satellite currently under development. It includes one optical series and one microwave series.
The major payload of the microwave FY-4 is a millimeter /sub-millimeter sounder (MSS) designed
to observe the atmospheric temperature and humidity profiles and monitor hazardous weather
events such as intense precipitation. The MSS operates in seven frequency channels, with two
temperature sounding channels (118 and 424 GHz), two humidity sounding channels (183 and
380 GHz), and three dual-polarization window channels (150, 220, and 340 GHz). The front end
of the MSS consists of a Cassegrain antenna system (with a 3-meter diameter parabolic main re-
flector), a quasi-optical multiplexer (QOM), and a calibration system. The QOM allows different
frequency and polarization channels to share a single antenna aperture, while the calibration sys-
tem enables receiver input switching between target scenes, a hot calibration load, and a cold-sky
mirror.

This talk describes a candidate design for realizing the QOM and calibration system for the
FY-4’s MSS payload. Both of the two components are designed based on the theory of quasi-
optics. To ensure the optics function properly, the two components are designed as a unified
system, with the output of the calibration system being the input of the multiplexer. The
multiplexer layout adopted a two-panel design that hosts ten quasi-optical channels (with feed-
horns and receiver modules) within an enclosure of 540 x 540 x 166 mm. The calibration system
employs two calibration mirrors to reduce interference between different calibration sources and a
conical-shaped calibration load which is found to exhibit better emissivity than the conventional
pyramidal absorbers. Performances of the design are assessed and some of the fabrication issues
are also discussed.



154

Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009

General Dispersion for Conditional and Unconditional FDTD

Algorithms

George Pan
Department of Electrical Engineering, Arizona State University
Tempe, AZ 85287-7206, USA

Abstract— Numerical dispersion is one of the most important properties of the finite-difference
time-domain (FDTD) method, which affects accuracy of the solutions. That is, the propagation
velocity of the numerical solution differs from its physical value. A way to investigate numerical
dispersion of a particular FDTD scheme is to work on the plane waves in a homogeneous lossless
medium by solving the dispersion relation for the numerical phase velocity or magnitude of
the numerical wavenumber. Such a way allows investigating the numerical phase velocity and its
anisotropy in an inexpensive manner, bypassing sources, physical, and computational boundaries.
Namely, one may only consider the finite-differences to characterize and compare FDTD schemes
before programming and computing. The dispersion analysis for the FDTD method in the frame
of plane waves has been presented for different 2-D and 3-D FDTD schemes, conditionally and
unconditionally stable. We have found that a number of conditionally and unconditionally stable
FDTD algorithms on the staggered rectangular grid are subject to the same and quite simple
dispersion equation.

In this talk, we present a general numerical dispersion equation which is applicable to all known
conditionally and unconditionally stable FDTD algorithms on staggered rectangular grid, in-
cluding Yee’s FDTD, wavelet-based FDTD, extended curl FDTD, alternating direction implicit
(ADI)-FDTD, Crank-Nicholson (CN)-FDTD, Crank-Nich olson split-step (CNSS)-FDTD, and
their modifications of higher order spatial stencils. The real part of the complex eigenvalue of the
total amplification matrix defines and distinguishes the dispersion relation for each individual
scheme. Easy-to-check conditions are provided, under which the numerical dispersion of a par-
ticular time-domain scheme is governed by the proposed dispersion equation. These conditions
are on the amplification matrix eigenvalues. The proposed dispersion equation includes each
considered dispersion relation as a special case, and presents itself a general governing equation
to estimate 3-D numerical dispersion of the aforementioned schemes in the frame of plane waves.
It is observed that FDTD2, FDTD3 and SBTD spatial discretiations combined with the CN
temporal discretization reduce anisotropy of the numerical phase velocity significantly. However,
limited gain on numerical dispersion can be achieved if these higher order spatial discretizaa-
tions are combined with the ADI-FDTD and CNSS-FDTD temporal discreatization. While the
T-FDTD is useful for narrow band signals owing to its high isotropy, the SBTD is more powerful
to reduce the numerical dispersion for wide band signals.
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Perfect Plane Wave Injection for Crank-Nicholson Time Domain

Method

Zhenyu Huang, George Pan, and Rodolfo Diaz
Department of Electrical Engineering, Arizona State University
Tempe, AZ 85287-7206, USA

Abstract— In the finite-difference time-domain (FDTD) method, the total-field/scattered field
formulation (TFSF) is a popular method for electromagnetic scattering problems. Based on the
equivalence principle, this method divides the whole computational domain into two regions:
the total field and scattered field regions. The incident field, which usually comes from the 1-D
auxiliary simulation, is applied to the interface between the two regions. Ideally, there are the
total fields in the inner region, while there are only scattered fields back from the scatters in the
outer region. In practice, however, the TFSF method suffers from the field leakage in the scatted
region, especially for the case with oblique incident fields. A lot of work in reducing the leakage
error has been done in the past decade. Recently, Tan has developed a novel 1-D multipoint

auxiliary source propagator for TFSF method.

Based on the modified 1-D multipoint auxiliary source propagator, a novel method of perfect
plane wave injection for Crank-Nicholson time domain (CNTD) is presented in this talk. By
projecting the 2-D dispersion equation onto 1-D case, the identical dispersion relation can be
realized between 1-D case and 2-D case, which leads to a perfect plane wave injection at an angle
forming an integer grid cell ratio. Several numerical experiments are implemented, which show
the leakage errors are on the order of the finite precision (—300dB for double precision) when
At is around the Courant-Friedrich-Levy (CFL) limit. Beyond the CFL limit, the leakage error

is still kept low even though it deteriorates with the increment of time step.
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Multi-reflector Antenna System Analysis by Multiresolution MoM
and Diffracted Gaussian Beams

Le Wang!, Jun-Gang Miao?, and George Pan'

! Arizona State University, Tempe, AZ 85287, USA
2Beijing University of Aeronautics and Astronautics, Beijing 100083, USA

Abstract— Reflector antennas are widely used and many methods are introduced to calculate
them. These methods are mainly separated into two kinds: geometrical optics (GO) based
method and Physical optics (PO) based method. As for GO, it does not account for the effect
of edge diffraction. The geometrical theory of diffraction (GTD) is an extension to GO which
includes diffraction but fails at caustics; this can be overcome by use of uniform of diffraction
(UTD). However, the method cannot easily be applied to multi-reflector systems because of
its non-modularity due to multiple diffraction and caustics. Physical optics coupled with the
physical theory of diffraction (PTD) is an accurate and modular method for analyzing reflector
antenna but is very expensive in terms of computation time and storage for electrically large
multi-reflector systems. Gaussian beam optics has been successfully applied to the design of
reflector antenna. But it does not account for beam distortion and assumes negligible field at all
reflector edges.

In this talk, we present a hybrid edge diffraction of Gaussian beam and the method of moments
(MoM). The hybrid method employs the triangular patch based MoM, which is equivalent to the
RWG basis but possesses the multi-resolution analysis (MRA). The MRA has greatly improved
the matrix condition number, and hence achieves high accuracy for the intermediate results. The
Gaussian beam expansion and diffraction are applied to the secondary reflector. As a result, the
fast speed of the Gaussian beam expansion is preserved. In the mean time, higher precision of
the final results are accomplished. Numerical examples and comparisons are provided.
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High Precision Characterization of Complex Permittivity in

Broadband

Zhonghai Guo, George Pan, and Rudolph Diaz
Department of Electrical Engineering, Arizona State University
Tempe, AZ 85287-7206, USA

Abstract— Complex permittivity of dielectrics plays important roles in the modeling, design,
fabrication and testing of antennas; microwave and millimeter wave circuits and high speed dig-
ital systems. Accordingly, extensive research has been conducted in the past decades. To date,
the popular measurement techniques in the RF and microwave region are cavity resonator, trans-
mission line, free space and open-ended coaxial probe, among others. Each method has its unique
pros and cons. For instance, the advantage of high Q resonant method is its high accuracy; but
the measurement can only be performed at a single frequency for each laboratory setup. Recently,
a broadband split cylinder resonant technique is reported, which is nondestructive. Neverthe-
less, the method is quite complicated in terms of apparatus and operations. Transmission line
technique, as a non-destructive approach, seems to be simple for broadband characterization.
However, it lacks precision. The free-space technique may suffer from electromagnetic inter-
ference; while the open-end coaxial probe method may not be suitable for extremely low-loss

materials.

We present a new broadband and high accuracy nondestructive method for determination of the
permittivity and loss tangent of low loss dielectrics, using printed circuit board (PCB) circular
disks. Because it utilizes multiple resonances, this method is in high precision and broadband
(500 MHz-12 GHz), covering the UHF, GSM 850/1800, 802.11b/g, WiMax, WLAN and UWB
bands. The method is simple and accurate based on closed form analytic expressions of cylin-
drical symmetry, taking into account of disk rim fringing fields and radiation loss, in addition to
the ohmic loss. Numerical results are conducted for popular PCB material, FR4, and the self

consistent Kramers-Kronig relation is verified.
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MIMO Radar Wide Band Array Range-Angle Imaging

Changzheng Ma' 2, Tat Soon Yeo', Junjie Feng?, and Hwee Siang Tan'

!Department of Electrical and Computer Engineering
National University of Singapore, Singapore
2School of Electric and Information, Zhongyuan University of Technology, China

Abstract— Multiple-Input Multiple-Output radar are used in long distance surveillance. In
order to increase the range resolution while increasing the angular resolution, the aperture of the
virtual array may be larger than the range resolution, then the antenna array is a wide band
array. In this paper we discuss the wide band array signal processing and show that long time
coherent integration can improve the performance of target separation.
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Development of Circularly Polarized Synthetic Aperture Radar

Onboard Microsatellite (uSAT CP-SAR)

J. T. Sri Sumantyo!, H. Wakabayashi?, A. Iwasaki®, F. Takahashi* ¢, H. Ohmae®,

H. Watanabe®, R. Tateishi', F. Nishio!, M. Baharuddin', and P. Rizki Akbar’

!Center for Environmental Remote Sensing, Chiba University, Japan
2Faculty of Engineering, Nihon University, Japan
3Department of Aeronautics and Astronautics, Tokyo University, Japan
4Japan Aerospace Exploration Agency (JAXA), Japan
5Sentencia Corporation, Japan
6National Institute for Environmental Studies (NIES), Japan

Abstract— Synthetic Aperture Radar (SAR) is a multipurpose sensor that can be operated
in all-weather and day-night time. Recently, the SAR sensor is operated in linear polarization
(HH, VV and its combination) with limited retrieved information. The characteristic of the con-
ventional SAR sensor is bulky, high power, sensitive to Faraday rotation effect etc. Recently, we
are developing the Circularly Polarized Synthetic Aperture Radar (CP-SAR) onboard Microsatel-
lite (uSAT CP-SAR) to retrieve the physical information of Earth surface, especially to monitor
the cryosphere, global vegetation and disaster area in the future. In this research, the CP-SAR
sensor is developed to radiate and receive circularly polarized wave. The sensor is designed as
a low cost, simple, light, strong, low power, low profile configuration to transmit and receive
left-handed circular polarization (LHCP) and right-handed circular polarization (RHCP), where
the transmission (Tx) and reception (Rx) are working in RHCP and RCHP+LCHP, respectively.
Then these circularly polarized waves are employed to generate the azial ratio image (ARI). This
sensor is not depending to the platform posture, and it is available to avoid the effect of Faraday
rotation during the propagation in ionosphere. Therefore, the high precision and low noise image
is expected to be obtained by the CP-SAR. This satellite platform is composed by RCHP and
LHCP antennas for CP-SAR sensor subsystem, telemetry subsystem that constructed by S band
telemetry and X band transponder to transmit CP-SAR signal to ground station, and some alti-
tude controller subsystem. This satellite planned to be launched in 2014 with altitude between
500km and 700km. This sensor is operated with center frequency on L band (1.27 GHz) and
10 MHz of chirp pulse bandwidth. The gain in main beam is set higher than 30 dBic to obtain
received signal higher than —20dB (equivalent backscattered noise level). The axial ratio is set
lower than 3dB to obtained ideal circular polarization. The antenna size (inflatable antenna) is
4m and 8m for range and azimuth directions, respectively. The center of off-nadir angle and
swap width are set 29° and 50 km, respectively. The ARI is expected to retrieve various physical
information of Earth surface accurately and high precision. i.e., up-lift and subsidence, biomass,
vegetation height and age, soil and snow physical characteristics based on the relationship be-
tween axial ratio and each characteristic. In the near future, CP-SAR is expected to improve the
characteristics of conventional SAR system, especially to extract some new physical information

on the Earth surface.
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Efficient Interpolation for Range-cell Migration Correction of
RADARSAT-1 Data

C. Bhattacharya
DEAL (DRDO), India

Abstract— RADARSAT-I platform is not yaw steered, and has large squint of —1.6° in the
antenna beam radiation. This causes phase of the range-compressed data to migrate over a
large number of range-cells. In the range-Doppler algorithm and in its variations, secondary
range compression (SRC) is utilized to change the rate of transmitted chirp signal to compensate
for range curvature produced by this large squint [1]. Range-walk in the Doppler spectrum is
compensated by interpolation in the range direction and re-indexing of data.

In the traditional interpretation of range-Doppler algorithm, range migration of Doppler spectrum
is estimated for variation of absolute Doppler frequency. This is true for continuous variation
of phase of the range-migrated data. On the other hand, Doppler spectrum is centered on the
fractional Doppler centroid in the digital processing domain causing ambiguity in the estimation of
range migration. Secondly, computation of range migration for each sample of Doppler spectrum
over the interpolated range is hugely expensive in terms of computation efficiency, and requires
a large number of memory call operations. Besides, choice of the interpolation kernel is crucial
as traditional sinc interpolation produces ringing in results and erroneous interpolation.

In this paper, our objective is to demonstrate efficient solution for digital interpolation of RADAR-
SAT-I data in the range-Doppler domain. We show explicit analytical relationship for range
migration of Doppler spectrum around fractional Doppler centroid to facilitate estimation of
rangewalk in the digital domain. Secondly, we propose polyphase interpolation in range; this has
twofold advantages. Polyphase interpolation is parallel, and is therefore faster for large kernel of
interpolation. We implement data re-indexing in the Doppler domain for each phase of interpola-
tion, making the correction for range-cell migration highly efficient in terms of computation load.
Thirdly, we use spline interpolation kernel that provides smooth interpolation of the Doppler
spectrum.

Analytical derivations and validation of results for point targets as obtained from RADARSAT-I
raw data are shown in the paper. The results demonstrate the efficiency of the proposed method.

REFERENCES
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A Novel Three-Dimensional Microwave Imaging Mode and
Experiment: Bistatic Circular Synthetic Aperture Radar

W. X. Tan"?3, Y. P. Wang"?, W. Hong"?, Y. Lin""%3, and Y. R. Wul:?

!National Key Laboratory of Microwave Imaging Technology, China
Institute of Electronics, Chinese Academy of Sciences, China
3Graduate University of Chinese Academy of Sciences, China

Abstract— Circular Synthetic Aperture Radar (CSAR) has been developed as a new SAR
imaging mode for its capability of Three-Dimensional (3D) resolution and high resolution on the
plane which is parallel to the track plane. However, the conventional CSAR imaging system
could only acquire the backscattering information of the targets in the illuminated area. In this
paper, a new 3-D imaging method — Bistatic Circular Synthetic Aperture Radar (BiCSAR) is
proposed. The corresponding imaging geometry and signal models are introduced firstly. Then
the restriction, 3-D imaging capabilities, imaging algorithm and so on are analyzed and presented.
Finally, the simulation and experiment of BiCSAR are made to demonstrate the capability of
3-D resolution, obtaining the non-backscattering information and improving the radar system
parameter NE&°.

Bistatic Circular Synthetic Aperture Radar (BiCSAR) imaging technique is a combination of
Bisatic SAR (BiSAR) and Circular Synthetic Aperture Radar (CSAR) and has the capabilities
of resolving the targets distributed in the three-dimensional (3D) space. In addition, it can obtain
the non-backscattering information of the illuminated area with the bistatic flight. Last but not
the least, the echoed data could be received passively and the radar system parameter NEg° can
be improved through reducing the transmitting distance of the electromagnetic wave. In order to
demonstrate the detailed effects and the performances of the BICSAR, we investigate BICSAR
through the following aspects.

First, we propose the concept of BICSAR and point out the similarities and differences among
the CSAR and BiSAR imaging modes. A particular imaging geometry is given and the signal
model based on BiCSAR is presented.

Next, we give the restrictions for BICSAR 3-D imaging and analyze the 3-D resolution capability
theoretically. In addition, the influence of BICSAR on radar system parameter NEo® is discussed,
and an imaging algorithm is utilized to reconstruct the 3-D image of the target area.

Finally, the simulation is made to demonstrate the efficiency of the algorithm. Furthermore,
an experiment of BiICSAR is carried out in the microwave anechoic chamber at Ka band. The
experimental system is mainly consisting of Vector Network Analyzer (VNA) and two wave-guide
antennas. Eight metallic spheres of diameter 3 cm placed on the rotating platform which rotates
in circular flight path with equal angle interval. The transmission and reception of microwave
signals is performed for each rotation angle.

In this paper, the concept BiCSAR is proposed and introduced. Then the feasibility of BICSAR
for 3-D imaging is verified both numerically and experimentally. Finally, the experiment results
in anechoic chamber are provided to illustrate the validity of BICSAR and the algorithm.
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Non Stationary Bistatic Synthetic Aperture Radar Processing:

Assessment of Frequency Domain Processing from Simulated and

Real Signals

Hubert M. J. Cantalloube
Office National d’Etudes et Recherches Aérospatiales, France

Abstract— Bistatic synthetic aperture radar (SAR) imaging from very asymmetric configura-
tion is a promising technique for both military and civilian issues.

Indeed, an illuminating radar standing off at a safe distance may be combined with a low cost,
possibly unmanned air vehicle using a passive radar receiver operating at closer range. Practical
civilian application could be high resolution remote sensing of dangerous disaster areas (fire,
chemical or radioactive hazard) with small unmanned air-crafts. Military application could be
SAR imaging in the forward direction for a missile guidance without signalling the sensor by its
transmitted radiation.

However, such configurations are strongly non-stationary in the sense that the transmitter to
receiver distance and relative orientation varies. This severely harden the task of frequency
domain processing and especially its motion compensation.

Here we test frequency domain processing and motion compensation for both simulated and real
(acquisitions scheduled for mid-October 2008) signal for an asymmetric configuration with a large
freighter aircraft (Transall) flying at 5000 feet /165 knots illuminating at 90° from track and as a re-
ceiver a small touring motor-glider (simulating an unmanned aircraft) flying at 3000 feet /85 knots
with antenna squinted 60° from track and flying with an heading separated by 30° from that of
the illuminating aircraft.

The SAR processor may provide self-testing before image synthesis and forecast phase errors in
the resulting image depending on terrain elevation features. Error maps provided may be used
for illustrating the motion compensation and the frequency domain processing in a didactic way.

Issues such as sensitivity to elevation and clock drifting will also be addressed.
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Coded Frequency Shifting Transponder Observation and
Identification in Imaging SAR Signal

B. M. J. Cantalloube
Office National d’Etudes et Recherches Aérospatiales, France

Abstract— Frequency shifting coded transponders are routinely used by almost any aircraft.
This transponder when receiving a radar pulse from a traffic control (ATC) radar, transmits a
frequency shifted pulse on which information is coded (12 bits of status/identification and the
barometric altitude). The transmitted pulse is received by a secondary radar antenna and the

coded information is displayed beside the radar plot on the ATC display screen.

Such a status/identification and radar cross section (RCS) enhancement capability may be
adapted to air-to-ground applications for both civilian and military application, especially with

foliage penetrating wavelengths.

For example, fire fighting vehicles and even individual firemen could carry a transponder such
that repeated synthetic aperture radar (SAR) scanning of a forest fire area could indicate their

position, identification and status (fuel, water, oxygen levels, health/fatigue condition...).

In military applications, the system may be used for friend or foe identification, and soldier status

such as fuel/ammunition levels, idle/engaged /wounded/captured/dead status and so on.

We propose here a scheme using frequency transposition of half the SAR bandwidth in order to
simplify transponder design (by minimising transmit to receive coupling) and allowing to keep
the SAR waveform unchanged (and processing is made from existing imaging and autofocus

software).

The transponder transmits the signal received from, e.g., the lower half of the SAR bandwidth,
shifts it to the higher half and modulate it with a slow binary (0 and 1) sequence. Slow meaning,
e.g., 1/10 of the SAR repetition frequency (PRF). The binary sequence is chosen in a way that
it conveys the payload data (identification/status) and has some constraints (payload decoding
should be tolerant to loss of signal due to transient foliage masking and the sequence should be

relatively even in 0/1 local frequency).

On the processing side, the transponder echoes are severely range shifted and azimuth defocused
in the normally processed image, however they are correctly localised and focused (with higher
azimuth side lobes containing the code) on an auxiliary SAR image obtained with changed
processor parameters. Once detected, the echo signal of the transponder is isolated from the
raw radar signal using a narrow Doppler and range filter centred at the transponder ground
position. (such a filter is routinely used in phase tracking type of autofocus). Transponder signal

modulation is eventually extracted and the payload data is recovered.

The concept is illustrated using real airborne SAR signal at L-band into which transponder

simulated echoes have been added.
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Study on Absolute Calibration Coefficient Improvement for ALOS
PALSAR Data after Initial Calibration Check

K. Nakamura, S. Kodama, Y. Takeyama, and M. Matsuoka
National Institute of Advanced Industrial Science and Technology, Japan

Abstract— The Advanced Land Observing Satellite (ALOS) was launched by Japanese Aero
space Exploration Agency (JAXA) in 2006, which has the Phased Array type L-band Synthetic
Aperture Radar (PALSAR) and follows the Japanese Earth Resources Satellite-1 (JERS-1). Al-
though three years have passed from the start of ALOS PALSAR observation, the PALSAR is
known as the greatly stable operation. However, we have been continuously monitored the gain
for the future sustain able operation in order to the PALSAR sensor variations across the ages.

National Institute of Advanced Industrial Science and Technology (AIST) has been studying
the remote-sensing based natural resource survey and one of the research targets is the soil
moisture estimation under vegetation and forest. In order to better estimate soil moisture and
above ground biomass, we need and carry out the maintenance of calibration coefficient quality
and its improvement. To achieve this goal, we kicked off the PALSAR calibration and vali-
dation (Cal/Val) campaign of AIST. We has been promoting joint activities for the PALSAR
calibration observation and the AIST Cal/Val campaign was launched under cooperation with
four universities working together, Earth Remote Sensing Data Analysis Center (ERSDAC), and
JAXA Calibration and Validation Science Team (CVST). Our campaign is planned in accordance
with the ALOS systematic observation strategy. We calculated calibration coefficients, using two
and/or three meters triangle side trihedral corner reflectors for like-polarization calibration for
twelve times from November 2007 to August 2008, which were compared with the theoretical
radar cross section of corner reflector with calibrated Single looked Complex (SLC) data from
ERSDAC. As the result of that comparison with using the integral method [1], the mean of the
difference values and the standard deviation are —0.18 dB and 0.52 dB, respectively.

We especially focus on cross-polarization calibration based on ground truth because that cali-
bration depends only on computationally approach using Quegan method [2]. We therefore have
been developing a prototype of rotatable dihedral corner reflector, and carrying out the trial ob-
servations in this year. The first version prototype is made of punching aluminum (¢5 and 8 mm
pitch) square plate of two meters on a side, which were installed three times from June to August
2008: one observation was intended for cross-polarization and others were for like-polarization.
By comparison with theoretical results, the mean of differences and the standard deviation are
—2.40dB and 0.28 dB, respectively. Because the dihedral corner reflector should be installed with
high precision, the disagreement of setting angles of the corner reflector might be remained.

REFERENCES
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tors,” IEEE Trans. Geosci. and Remote Sens., Vol. 28, No. 3, 374-383, 1990.

2. Quegan, S., “A unified algorithm for phase and cross-talk calibration of polarimetric data —
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Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009 167

New Approach to Extraction of Linear Features in a SAR Image

Si Chen, Weijie Zhang, and Jian Yang
Department of Electronic Engineering, Tsinghua University, Beijing 100084, China

Abstract— Automatic extraction of linear features, such as roads, water channels, railways,
bridges, and airport runways, has been one of the most important applications of SAR images.
It can be used in target detecting, map updating, scene matching, and kinds of military tasks.

The traditional framework can be found in [1]. It consists of 1) detecting the pixels which
potentially belong to roads from the whole image, 2) forming road segments based on the detected
pixels, and 3) connecting as well as selecting the road segments to obtain the road network.
Another effective framework models the problem as a tracking process [2].

Some good results have been obtained under the frameworks mentioned above. However, there are
still problems, most of which are caused by the pixel-detecting stage. Some special detectors have
been developed to improve the performance, but all of them are restricted to certain assumptions.
For example, it was assumed in [3] that roads are dark elongated areas with bright lateral edges.
Thresholds are necessary in these detectors, too. Therefore, the results by these methods may
be very good for some images and may be rather bad for some others. Too many false points of
a road make the following steps harder, while the missed ones become lots of gaps so that more
additional treatments are necessary.

Due to the complexity of scenes and poor quality of SAR images, roads may appear differently
even in one image. They can be dark or bright, several pixels wide or zero pixel wide (just edge),
and not consecutive visually. Thus, it is really hard to say if a single pixel belongs to or not
belongs to the road network. However, it is comparatively easy to say if a segment of line, as a
whole, comparing with its neighbourhood, belongs to or not belongs to the road network, since
it must show higher consistency along the line and higher contrast vertically, simultaneously.

In this paper, we propose a new approach to extraction of linear features in SAR images. First,
an original SAR image is divided into 8 x 8 blocks. In each block, we have 36 (directions) x 12
(offsets) different segments of lines. The extraction of linear features is equivalent to a selection
from all the segments in all the blocks. A local processing method within each block is proposed
to give each segment a measurement on its “linear probability”. This process consists of two
steps, firstly on directions and secondly on offsets. No threshold is necessary in both the steps.
A global fuzzy method is then used to take into account a priori knowledge and optimize the
network topology. Finally, a threshold is used to select the most likely segments, followed by
a post processing stage. Experiments on SAR images validate the effectiveness of the proposed
approach.
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Robust Adaptive Beamforming under Quadratic Constraint

Xin Song, Jinkuan Wang, and Yinghua Han
School of Computer Engineering, Northeastern University at Qinhuangdao
Qinhuangdao 066004, China

Abstract— Adaptive beamforming has received considerable attention in the past decades due
to its wide applications in the fields of radar, sonar, seismology, radio astronomy, and wireless
communications. One of the main problems that occur in practical adaptive array processing
is the mismatches between the presumed and actual signal steering vectors. The performance
of adaptive beamforming methods is known to degrade severely in the presence of such slight
signal steering vector mismatches that may occur due to signal pointing errors, imperfect array
calibration, source local scattering, wavefront distortions, etc. Similar types of performance
degradation can take place because of the small training sample size. Quadratic constraints on
the weight vector of an adaptive linearly constrained minimum power beamformer can improve
robustness to the signal steering vector mismatches.

In this paper, based on explicit modeling of uncertainties in the desired signal array response and
data covariance matrix, we propose robust adaptive beamforming algorithm under a quadratic
inequality constraint. To improve robustness, the weight vector is optimized to involve minimiza-
tion of the output power function subject to the norm of error between the actual and assumed
array beampatterns. We can show that the proposed algorithm belongs to the class of diagonal
loading approaches, but the diagonal loading term can be precisely calculated based on the given
level of uncertainties in the signal array response and data covariance matrix. Our proposed
robust adaptive beamforming algorithm provides a significantly improved robustness against the
signal steering vector mismatches and small training sample size, enhances the array system per-
formance under random perturbations in sensor parameters and makes the mean output array
SINR. consistently close to the optimal one. Computer simulation results validate substantial
performance improvement of our proposed algorithm as compared with the existing adaptive
beamforming algorithms.
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User Selection for the Capacity Maximum in Multiuser MIMO

System

Zhibin Xie, Jinkuan Wang, Xin Song, and Jing Gao
School of Information Science & Engineering, Northeastern University, China

Abstract— Multi-use multiple-input multiple-output (MU-MIMO) wireless communication
system can provide potential significant capacity performance and has been paid considerable
attention in recent years. In multi-user MIMO scenarios, several co-channel users with multiple
antennas aim to communicate with a base station in the same frequency and time slots. In this
case, it is necessary to design transmission schemes that are able to precancel the multi-user
interference (MUI) at the end of users. To mitigate the MUI caused by the spatial multiplexing
in a multi-user downlink system, several precoding schemes have been introduced in the form of
transmit processing algorithms. However, the multi-user spatial multiplexing system has no spe-
cial strategies for the computational cost and worst channel-case user. In this paper, we propose
a decreasing user selection scheduling for the multi-user MIMO spatial multiplexing scheme with
a large number of users. In each iterative course, the user which has worst channel station is
dropped, and the sum rate capacity of MU-MIMO system is not less than a threshold. Therefore,
the base station may select a subset of users to serve so as to maximize the total throughput. In
particular, to reduce the complexity, we propose a low complexity suboptimal selection algorithm
to maximize the capacity of system. Compared with the traditional algorithm, when the sum
rate capacity of all users is not far more than the upper bound of the MU-MIMO system, the
proposed scheme attains good capacity performance, has lower complexity, and is suitable for
real-time communication. Simulation results show that the proposed multi-user selection method

is able to achieve good performance.
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Peak-to-average Power Ratio Reduction Based on Cyclic Iteration
Partial Transmit Sequence

Jing Gao, Jinkuan Wang, and Zhibin Xie
School of Information Science & Engineering
Northeastern University, Shenyang 110004, China

Abstract— Partial transmit sequence is an efficient algorithm to solve the problem of high
peak-to-average power ratio (PAPR) in orthogonal frequency division multiplexing (OFDM),
but its exhaustive search of phase factors results in high computational complexity. A PTS
algorithm based on cyclic iteration (C-IPTS) is proposed to solve this problem. In the proposed
algorithm, the phase factor achieved by the previous iteration is set as the initial phase factor
of the current search, thus the search is more close to the optimal phase factor after repetition,
as a result, the PAPR performance is eliminated effectively. Moreover, the effect of initial phase
factor is decreased significantly. Simulation shows that C-IPTS algorithm can achieve good PAPR
reduction with low computational complexity.
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A Simple DOA Estimation Employing Second-order Statistics for
Distributed Source

Y. H. Han, J. K. Wang, Q. Zhao, and X. Song
Northeastern University at Qinhuangdao, Northeastern University, China

Abstract— In array processing it is commonly assumed that the received signals originate from
far-field point sources and give rise to perfectly planar wavefronts which impinge on the array
from discrete and fixed directions of arrive (DOAs). However, in many practical applications such
as radar, sonar and mobile communications, the sensor array often receives sources which have
been reflected by a number of scatters. The scattered signals are received from a narrow angular
region, an alternative signal model can be derived which is called distributed source model.

Recently, distributed source localization has been a focus of intensive research. An interesting
alternative is to use the beamforming methods. The generalized beamformer is presented. The
resulting method maintains a distortionless response to a hypothetical source in a mean-power
sense. However, the algorithm need to the prior knowledge about the shape of the angular
signal intensity. And in peak-finding searching, it needs compute the integral steering vector,
which has large computational cost. Another subspace-based algorithm TLS-ESPRIT approach
is employed to estimate the central DOA based on Taylor series expansion, when angular spread
is not large. However, the subspace-based algorithm needs eigenvalue decomposition, which is
computationally intensive. In addition, the performance of this algorithm is unsatisfactory when
angular spread is large.

In this paper, we propose an algorithm for the central DOA estimation of a coherently distributed
source based on second-order statistics. The integral steering vector for distributed source can
be deduced to be Schur-Hadamard product comprising the steering vector for point source and
a real vector. And then a second-order statistics is proposed based on the Schur-Hadamard
product. So a closed-form solution to the central DOA estimation can be derived. The proposed
algorithm needs not any peak-finding searching and eigenvalue decomposition or singular value
decomposition, which significantly reduces the computational complexity. In addition, the pro-
posed second-order statistics algorithm has a substantially better estimation performance even at
low SNR. The explanation of this fact is that the second-order statistics algorithm has weaken the
inflection of noise. Furthermore, our proposed algorithm yields the better performance especially
at large angular spread compared with subspace-method TLS-ESPRIT estimators.
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Bragg Grating Vibration Sensor Array Based on Wavelet Filtering

Zhaoxia Wu, Dongmei Yan, Lina Fan, and Jinkuan Wang
Department of Automation, Northeast University at Qinhuangdao, Qinhuangdao 066004, China

Abstract— A vibrating acceleration measuring system with distributed Fiber Bragg Grating
is presented in this paper. The continuous wave modulation frequency and wavelength division
multiplex technology are used in this system. The wavelet filter is designed to improve imbalanced
and nonlinear optical signal efficiently and the optical wavelength absolute code is completed.
The changes of environment and changes of power intensity do not influence the measurement
are discussed. This system has some advantages such as simple structure, high scan frequency,
high resolution and good linearity.
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Distributed Sensor Positioning System Using Virtual Trajectories

Zhigang Liu and Jinkuan Wang

Northeastern University, China

Abstract— Sensor cooperative localization has attracted significant research effort in recent
years. Many approaches have been proposed. The majority of them assume that a small fraction
of the nodes have a prior knowledge of their locations. The location discovery problem can be
usually split into two stages: distance estimation and position computation. The first phase is
to estimate the distance between two nodes based on methods such as Received Signal Strength
(RSS) Indicator, Time of Arrival (ToA), and Time Difference of arrival (TDoA). The second
phase is to compute the node location based on the ranging measurements. Some proposals have
an optional third phase, which is to refine the position utilizing the local or global information.
Other methods have a preprocessing phase, which is to reduce the fluctuation of the original RSS
data using Grey Prediction (GP) and Unscented Kalman Filter (UKF).

Conventional two-step localization processes have been studied extensively. However, these meth-
ods have the disadvantage of making a premature decision on an intermediate measurement, dis-
carding useful information. By introducing the virtual trajectory, we propose a direct approach
to the location discovery problem in this paper. This trajectory consists of static location-aware
sensors that are randomly deployed, and is highly nonlinear. Therefore, utilizing a Cascade
Unscented Kalman Filter (CUKF) algorithm, we let each location-unaware sensor discover its
position by following this virtual trajectory. This method has the advantage of making a mature
decision on an immediate measurement. In addition, this algorithm has several favorable features
such as high scalability, robustness to measurement error, etc. The effectiveness and advantages
have been showed through Monte Carlo simulation results.
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Dynamic Load Balancing Based-on Packet Loss Rate Prediction

Cai Ling, Jinkuan Wang, and Cuirong Wang
School of Information Science & Engineering, Northeastern University, China

Abstract— When there are multiple paths across a network it is common for network operators
to use some form of load balancing. Load-balancing allows more flexible and efficient forwarding of
packet proportion on each path, and thereby extends the performance and reliability of a network.
A major challenge in load balancing is how to cope with dynamic and unpredictable changes in
network. If a load balancing algorithm is not prepared for them, it may cause network links and
routers to be unnecessarily overloaded. Overloaded links and routers can cause long delay, high
packet loss rates, reduced network throughput and even router crashes. As motivation, in this
paper we propose a new, lightweight method based on the concept of packet loss rate prediction
(PLRP) that can generate accurate forecasts for every path packet loss rate dynamically. This
prediction information is then used as an input to adjust the forwarding proportion for next
prediction period. Our prediction method is based on Support Vector Regression modeling that
uses a combination of prior packet forwarding proportion and measurements of loss rate of each
path. To evaluate the effect of packet loss rate of each path on load balancing in regards to a
wide spectrum of application, we introduce a new packet forwarding scheme based on path gain,
which means the penalization function for the path based on the prediction loss rate. Using
a combination of analysis and trace-driven simulations in ns2, we show that the dynamic load
balancing algorithm based on PLRP attains significantly better performance than other load
balancing mechanisms, such as ECMP.
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Detection of a Dim Point Target Using Dynamic Programming

Approach

Lina Fan, Jinkuan Wang, and Dongmei Shu
School of Information Science & Engineering, Northeastern University, China

Abstract— The detection and tracking of dim point targets is the key technology to enhance the
ability of guidance system. In most cases, the signal to noise ratio (SNR), the clutter conditions
and the maneuvers of the target cause the detection behind. The target detection in image
sequences is part of multidimensional signal detection. Because point target is far away from the
interceptor, its size is a scale of pixel in the image. Dim point target from an image sequence has
been merged into the clutter. So the image has a low SNR and the detection of the dim point

target under the low conditions becomes the sticking point.

We introduce a novel tracking system based on dynamic programming algorithm(DPA). This
algorithm can detect the dim point targets under the condition of low SNR. With the theory
of step optimization of dynamic programming we can decompose target trace searching problem
into grading optimization. The dynamic programming technique can detect the trace of the point
target which is moving with straight line and reduce the calculation amount. In this paper the
DPA was selected and meliorated. The improved DPA has merits of simple and high efficiency and
enhances the probability of detection. It is based on the assumption that the some information
of the target has been known. With the result of simulation test, it can be shown that the
introduced algorithm can effectively detect moving point target trajectory in image sequences

than previously developed algorithm.
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A Concurrent Ant Colony Optimization Multipath Forwarding

Algorithm in IP Networks

Laiquan Han, Jinkuan Wang, and Cuirong Wang
School of Information Science & Engineering, Northeastern University, China

Abstract— The rapid development of communication technology and programming router in
the last few years have given rise to a strong research interest in Concurrent Multi-Path (CMP).
At the same time, much of the researches of ant colony optimization (ACO) focus on wireless net-
works such as MANET (Mobile Ad-hoc Networks) and WSN (Wireless Sensor Networks), on the
other hand, there are little researches about ACO on wired networks such as Internet. Combining
with the advantages of CMP and ACO while based on the disadvantages of conventional single-
path OSPF (Open Shortest Path First), ECMP (Equal Cost MultiPath) and random CMP, this
paper proposes a novel CMP forwarding algorithm aimed to increase the scalability and decrease
the route overhead to existing ant-based routing algorithm. The proposed algorithm, which is
called Concurrent ACO CMP Forward (CACF), makes full use of the positive pheromone feed-
back of forward ants and backward ants to update the state of different paths. Forward ants
probe the current condition of the networks and backward ants update the routing information
of each path and adjust forwarding granularity for different availability bandwidth. CACF can
adapt to the changing of link performance dynamically and utilize multiple paths to transmit
simultaneously. We validate CACF algorithm through three methods: (i) theoretical analysis;
(ii) NS2 simulation driven by real-world traffic traces and networks topologies; and (iii) wide-area
experimentation in PlanetLab. Results prove that CACF algorithm reduces the degradation of
performance of different paths, obtains significant performances of throughput, end-to-end delay
and jitter, and it is easily deployed into the programming router.
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On Nonlinear Iterative Partial Transmit Sequence for PAPR
Reduction in OFDM Systems

J. Gao, J. K. Wang, and Z. B. Xie
School of Information Science & Engineering
Northeastern University, Shenyang 110004, China

Abstract— Orthogonal frequency division multiplexing (OFDM) has become a promising can-
didate for high performance wireless communications. However, OFDM systems exists a pro-
hibitively large peak-to-average power ratio (PAPR) of the transmitted signal, which can lead
to unwanted saturation in the power amplifier. A number of approaches have been proposed
to deal with the PAPR problem, including clipping, coding and multiple signal representation
techniques such as partial transmit sequence (PTS) and selected mapping (SLM). Among these,
PTS is the most attractive algorithm to reduce the PAPR, but the considerable computational
complexity for the required exhaustive search is a potential problem for practical implementa-
tion. To reduce the search complexity, iterative PTS (IPTS) algorithm was presented by Cimini
and Sollenberger’s as a sub-optimum technique, which achieved significant reduction in search
complexity at the expense of certain PAPR performance degradation. In this paper, we propose
a nonlinear iterative PTS (N-IPTS) algorithm to further address the complexity issue. Firstly,
we use IPTS algorithm repeatedly, and in every cycle, the phase factor achieved by the previous
iteration is set as the initial phase factor of the current search, which enables us to (i) make the
search solution more close to the optimal phase factor (ii) eliminate the effect of initial phase
factor effectively. Moreover, the solution of IPTS is always updated in the direction of improve-
ments and hence is quickly trapped in a local optimum. Therefore, rather than the linear search
of IPTS, we adopt the Metroplis criterion to avoid the search being trapped in local optimum
phase factor, thus obtain better PAPR performance. Simulation results show that the proposed
N-IPTS algorithm yields the best performance-complexity tradeoff for moderate PAPR reduction
compared with the conventional PTS algorithms.
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A Concentric Data Aggregation Model in Wireless Sensor Network

Cong Wang' and Cuirong Wang?

!Northeastern University, Shenyang 110004, China
2Northeastern University at Qinhuangdao, Qinhuangdao 066004, China

Abstract— The wireless sensor network(WSN) is composed of a collection of sensor nodes.
Sensor nodes are small energy constrained devices, so the main focus is to be as energy effective as
possible. The focus should be on minimizing the transmitting and receiving of data, because these
are expensive operations. If the base station does not need access to individual sensor readings, in-
network data aggregation offers an alternative that significantly reduces the energy consumption
when collecting data. The PEGASIS (Power-Efficient GAthering in Sensor Information Systems)
protocol is a chain-based protocol, which presents twice or more performance in comparison
with the LEACH (Low Energy Adaptive Clustering Hierarchy) protocol in data gathering. The
PEGASIS protocol, however, has a critical problem that the redundant transmission of the data is
occurred. The cause of this problem is that there is no consideration of the base station’s location
when one of nodes is selected as the head node. In this paper, a concentric data aggregation
model is proposed to solve the problem. The main idea of the concentric data aggregation model
is to consider the location of the base station, and divide the whole WSN into several concentric
and hierarchical zones refer to the location of the base station, each zone is also divided into
some areas, nodes in every area are organized as PEGASIS. Data collected by sensor nodes goes
through proper areas belong to different level zones towards the base station and aggregated in
each hop, the last area’s head node which is one of the nearest nodes of the base station transmits
the aggregated data to the base station. As simulation results, the concentric data aggregation
model performs better than the current PEGASIS in transmission delay and energy efficiency.
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Measurement of the Dielectric Properties of Thin Disks Using a
Resonant Cavity at Microwave Frequencies

Q. Balzano, V. Hodzic, R. W. Gammon, and C. C. Davis
ECE Dept., University of Maryland, College Park, MD 20742, USA

Abstract— The complex dielectric properties of small samples placed in a large cylindrical
cavity [1] can be evaluated conveniently from the measurements of frequency and @ before and
after the insertion of the sample. The sample, a disk of material or biological preparation (e.g.,
cells+ medium) should be very thin (« 1mm), located in the center of the cavity, have axial
symmetry and a radius much smaller than the cavity’s. In these conditions, we can expect that
the distribution of electric and magnetic field lines is not altered substantially by the sample
from that established by the dielectric support components in the cavity. The thin layer sample
provides a dielectric path to the E field lines in parallel to those in the dielectric materials of
the support system, specifically a shelf and a holding dish. The following model can be used to
evaluate the average complex dielectric constant of the sample.

The @ of a cavity is the ratio of the RF energy stored to the energy dissipated during one cycle
of the fields [2]. Call Q, the cavity quality factor with no sample. The supporting shelf, the
holding dish are placed in the cavity in order to evaluate ,. The cavity resonates at the angular
frequency w,. In this condition all the input RF power at w, is absorbed by the dielectric
components. With the additional sample, the cavity resonates at angular frequency wy lower
than w, and has a (lower) Q = Q1 < Q,.

By definition of the quality factor we have:

Qo

Qu = w Vil F/ (Vi /R) = wiF/ (1/Ry). @

wo Vo2 F/ (|VO\2 /Ro> =w,F/(1/R,) and (1)

where |V, |2/R, and |V,,|?/ Ry, represent the power lost in the cavity in the two different conditions
and F' is a dimensionless geometrical factor that relates the stored electric energy to the geometry
of the cavity and its load. Let 1/Rp represents the additional RF loss in the sample. Now,
1/Rr, =1/R,+1/Rp, with 1/Rp giving the energy dissipation in the sample caused by the same
geometrical cavity field lines that produced 1/R,. In addition, we have:

wL:wO/\/1+€rb Erb:4t/d(€b71)F (3)

where ¢; is the relative dielectric permittivity of the sample, 2¢ its thickness and d the height of
the cylindrical cavity. From the above equations is possible to extract the relation between the
@ degradation and the frequency shift with the dissipation factor and the dielectric constant of
the sample.

The results of a series of measurements of plant DNA will be presented to the show the effective-
ness of the proposed method.
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Coaxial Artefact Standard for Specific Absorption Rate 100 kHz to
400 MHz

B. G. Loader, A. G. Gregory, and Daniel Bownds
National Physical Laboratory, UK

Abstract— To avoid biological effects, it is necessary to limit the heating of tissues caused by
exposure to electromagnetic fields (EMF), and this is related to the specific absorption rate (SAR)
of energy (units Wkg=!). SAR forms the basic restriction of the International Commission on
Non-Ionizing Radiation Protection (ICNIRP) for human exposure to EMF (100 kHz to 10 GHz),
and European Directive EC/40/2004 will make these limits mandatory for workers. This will
have an impact on industries using high power RF processing, plastic welding and Magnetic
Resonance Imaging (MRI). Measuring the electric field distribution in a liquid phantom placed
next to a transmitter allows the SAR to be determined. For these measurements, the sensitivity
of the electric field probe in the liquid must be calibrated.

This paper presents a new artefact for the calibration of electric field probes in liquids for the
frequency range 100 kHz to 400 MHz that has been developed at the National Physical Laboratory.
It also gives the formulation of phantom materials to simulate the electrical properties of head
and body tissues at 30 MHz, 150 MHz and 300 MHz. The calibration system, shown in Fig. 1, is
a short-circuited coaxial transmission line in which the liquid forms part of the inner conductor.

Liquid

Plastic

Air

| <t————— Metal

Dielectric

(a) RF input

Figure 1: (a) Cross-section through system showing computed electric field distribution, and (b) photograph
of the actual system.

This arrangement gives a good input match for the system, high efficiency, and results in a uniform
field distribution in the liquid, thus limiting thermal gradients. A thermometer measures the rate
of temperature rise in the liquid due to the applied RF power, and the liquid density and specific
heat capacity are used to calculate the SAR level. Substituting an electric field probe for the
thermometer allows its sensitivity to be calibrated (Eq. (1)).

E% dT
SAR === =k <E> (1)

By limiting the thermal gradients in the liquid, the temperature increases at a constant rate over
many minutes, and this improves the accuracy of the calibration. The system is being used to
provide traceability for SAR measurements in phantoms used to assess patient exposure during
magnetic resonance imaging (MRI).
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Can Magnetic rf-fields Effect Biochemical Reactions?

J. Boiden Pedersen! and N. N. Lukzen?

!University of Southern Denmark, IFK, DK-5230 Odense M, Denmark
2International Tomography Center, SB RAS, Novosibirsk 630090, Russia

Abstract— There is still some discussion on whether magnetic fields and especially rf-fields
can influence biochemical and biological reactions and whether such effects can be measured and
conceivable be hazardous to human health.

Using numerical and analytic solutions of the relevant model equations for the radical pair mecha-
nism (RPM) we are currently studying possible effect. The RPM is a well established mechanism
for magnetic field effects on chemical reactions and it has been used to obtain detailed information
on the intermediate radical pair step in such reactions. The good agreement between experimen-
tal and theoretical results proves that such model calculations can be used to provide reliable
estimates of the effects; In most cases, the calculated results are more accurate than experimen-
tal measurements, which in most cases, are extremely difficult to carry out. This procedure has
allowed us to study a large range of systems and types of reactions.

Our results for the influence of rf-fields, radiated from mobile phones, on biochemical reactions
are divided into four different types of reactions.

1. Reactions in liquids, where the radicals are free to diffuse apart. Such reactions show no
measurable effect of the weak rf-field radiated by mobile phones.

2. Reactions on membranes are characterized by a very slow diffusion and a reencounter prob-
ability equal to one in the absence of scavengers. These characteristics give rize to a very
large effect of magnetic fields. However, there are several conditions that must be satisfied
in order to have an effect of a rf-field. The frequency of the field, i.e., 900 MHz or 1800 MHz,
must be in resonance with an electron spin transition. This requires that the radicals have
very large hyperfine constant, much larger than the most common values. Another condi-
tion is that the lifetime of the radical pair must be long, i.e., scavenging must be slow. No
reaction satisfying both conditions is known.

3. Reactions of types 1 or 2 may show an enlarged effect if the reaction scheme includes
chain reactions. An important example is the lipid peroxidation which is described by a
complicated set of reaction steps that include chain reactions. This leads to bifurcations
and under some conditions the reaction explodes. We are trying determine if and how the
trigger point dependens on magnetic fields.

4. Enzyme reactions or electron transfer reactions often involves radicals in fixed spatial posi-
tions and metal radical ions with large hyperfine constants. Such reactions have the potential
to be affected by magnetic fields. The phosphorylation by ATP synthase has been been ob-
served to have a very large isotope effect [1]. Our calculations [2] support the proposed
reaction scheme [1] and show that a strong dependence on a static magnetic field may be
expected. We find no effect of rf-fields from mobile phones since the power radiated from
the phone is too small. However, for larger (10 times or more) we see an effect on the rate
of ATP production when the frequency is close to 1000 MHz.

It should be noted that our previous results were obtained for cw rf-fields. At present we are
developing a new calculation scheme that allow us to study the effect of pulsed fields. The results
of these attempts will be presented.
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Effect of Passive RF-exposure from Mobile Phones on the SAR and
Absorbed Power of Passengers in an Elevator at 900 MHz

Ally. Y. Simba!, Takashi Hikage?, Soichi Watanabe!, and Toshio Nojima?

!National Institute of Information and Communications Technology, Tokyo, Japan
2Graduate School of Information Science and Technology
Hokkaido University, Sapporo, Japan

Abstract— With a rapid increase in the use of mobile communications devices such as mobile
phones in various environments, a public concern on the safety of the RF-fields emitted by these
devices has been growing. One of the questions being raised is whether or not the public exposure
limits can be exceeded by simultaneously operation of many mobile phones inside semi-enclosed
environments such as elevators, cars, train carriages and other vehicles. This anxiety is based on
the fact that with small or no escape route for the electromagnetic energy, all energy emitted by
mobile phones is absorbed by the passengers. Another concern of the use of mobile phones in
these environments is the effect of passive RF-exposure, a case in which a non-user passenger is
subjected to RF-radiation from other passengers using mobile phone in these environments.

There have been several attempts to quantitatively study the effect of the RF-radiation in these
environments for many user situations. However, most of the previous investigations used theo-
retical approach. One short coming of the theoretical investigations for this problem is the fact
that it is difficult predict amount of energy absorbed by individual passenger, as a result the
assumptions are made that the power absorbed by each passenger is the equal. A numerical in-
vestigation of many passengers modeled as a realistic human model can predict amount of energy
absorbed by each passenger, however, one of the main obstacle of numerical investigation is the
large amount of computer resources required for simulation.

Based on the above facts, the paper presents the numerical investigations of the effect of simul-
taneous operation of many mobile phones inside a completely covered elevator on the specific
absorption rate (SAR) and absorbed power of mobile phone users and a non-user passenger at
900 MHz. We placed up to 24 passengers in the elevator and calculate the specific absorption
rate (SAR) and power absorbed by each passenger using non-uniform mesh FDTD technique
running on the SX-8R NEC super computer. 23 of the passengers are using mobile phones. One
passenger is without phone and is used to study the passive RF-exposure.

We used a 3-y old Japanese child model to represent the passengers. Due to its small weight,
the child model gives a whole-body averaged (WBA) SAR 5 times larger than that obtained in
an adult model. The worst case scenario considered in this work includes: 1) antenna maximum
output power of 250 mW, 2) completely covered elevator, and 3) passenger positions giving max-
imum passive exposure to the non-user passenger. Under these conditions, the maximum values
of the peak 10-g SAR, WBA-SAR and absorbed power of the passenger not using mobile phone
are 0.45 W/kg, 30 mW /kg and 415 mW, respectively.
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Effects of Losses Due to Human Phantoms on 3-dimensional
Electromagnetic Field Distribution in Elevators
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2National Institute of Information and Communications Technology, Japan

Abstract— The purpose of this study is to estimate the Electromagnetic field (EMF) dis-
tributions emitted by Cellular radios in environments surrounded by conductive surfaces, e.g.,
elevators. In this paper, we discuss the EMF absorption effects due to lossy materials being
present in elevators using precise numerical analysis based on the FDTD method. Furthermore,
measured results are compared with analytical results to confirm if the computation method is
accurate. Then, the computation method is used in order to obtain 3-dimensional spatial electric
field distributions throughout the inner space of the elevator. Finally, field histograms and cu-
mulative ratios are derived from the spatial distributions to estimate the percentage of the area
having the same strength. These methods are useful for carrying out a complete estimation in the
whole area. Here, the relative field strength, normalized to a certain reference level, is adopted.
The elevator model’s dimensions are 1.4m x 1.35m x 2.3m (Length x Width x Height). We use
a half-wavelength dipole antenna to represent a cellular radio operating in the 800 MHz, 1.5 GHz
and 2 GHz bands. The antenna is set 1.15m from the floor. As an example, the estimation result
for the absorbing effects due to a simplified rectangular phantom is shown in Figure 1. In this
case, a dipole antenna is set 0.08 mx 0.08 m (Length x Width) from a corner of the elevator. A sim-
plified rectangular phantom that has homogeneous electric parameters is applied in the analysis.
The phantom sizes are 0.05m x 0.4m x 0.4m (Phantom 1) and 0.1 m x 0.4m x 1.8 m (Phantom 2),
respectively. Phantom 2 is more developed and is considered to be the average height and weight
of male adults. The relative electric field strength normalized to a field strength with cumulative
ratio is approximately 100% in an analysis without the phantom. These results suggest that a
small phantom results in a decrease of about 10dB of the field strength in the elevator. Also,
with the Phantom which has almost the same volume as male adults, the field strength decreases
by about 18dB compared with the case when no phantom is present.

100
—— antenna only
g0 - — Phantom1(0.05 X0.4 X0.4rm)
Phantom2(0.1 X0.4 X 1.8m) /

ii /]
N

Relative E field Strength (dB)

Cumulative Ratio

Figure 1: Absorption effects due to lossy phantom in elevator.
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Temperature Rise in the MRI Head Models Exposed to Commercial
Mobile Phones

Jafar Keshvari

Corporate Development Office, Nokia Corporation Itdmerenkatu 11-13
Helsinki 00180, Finland

Abstract— The physiological adverse health effects to humans through electromagnetic-wave
exposure are induced by temperature increases although the safety standards at the moment are
regulated in terms of the local peak specific absorption rate (SAR). The temperature rise the
Magnetic Resonance Imaging MRI based adult and child head models following exposure to two
commercially available mobile phones are calculated. Also the temperature rise in child and adult
head models were compared. Four (MRI) based head models; one female, one adult, two child
head models aged 3 and 5 years were used. The finite-difference time-domain method (FDTD)
was employed for calculating the temperature. The results show that the temperature rise in the
brain region remains below 0.15°C.
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Mobile Phone Base Stations and Sleep Quality — Results from an
Experimental Study
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Abstract—

Introduction: There is some evidence that sleep parameters, brain activity during wake (EEG)
and the processing of intellectual information are influenced by exposure to mobile phone elec-
tromagnetic fields, i.e., at field intensities below accepted limit values. For residents living close
to mobile phone base stations, the subjective perception of a disturbed sleep is among the most
often mentioned complaints attributed to the EMF (electromagnetic field) exposure. Since epi-
demiological studies have shown contradictory results, the aim of the present study is to analyse
the impact of electromagnetic fields of mobile phone base stations on sleep of residents in an ex-
perimental setting using a double-blind, sham-controlled, balanced randomized cross-over design.

Methods: Study participants were recruited from sites, where 1) no mobile phone service was
available, 2) only weak fields from other RF-sources (TV etc.) were present, and 3) there was
no emotional EMF-discussion in the run-up to the study. Data acquisition comprised individual
measurement of EMF-exposure (performed by IMST GmbH, Kamp Lintfort, Germany), ques-
tionnaires to characterize the sample (with regard to clinically relevant sleep disorders (LISST),
overall sleep quality (PSQI), excessive daytime sleepiness (ESS), Zung scales to assess anxiety
and depression (SAS and SDS), attitude towards mobile phone communication and personality
traits (NEO-FFI)), and subjective (morning and evening protocols) and objective (derived from
frontal EEG and EOG recordings performed in an ambulant setting at home) sleep data. For
each participant subjective and objective sleep data were recorded for twelve nights. Exposure
was realized by an experimental base station working constantly with a well defined emission.
The base station was manipulated to ensure blinding.

Results: Altogether 397 subjects (> 17 years) from 10 villages in various parts of Germany
participated in the study. The number of inhabitants of the villages varied from 125 to 652, the
total number was 2856 (> 17 years: 2329). That is 17.1% of the eligible inhabitants participated
in the study (50.9% females in the sample out of 48.5% eligible females). The mean age of
participants was 45.0 £ 14.2 years, the range was 18 to 81 years. Males were slightly, but not
significantly older than females (46.3 + 14.2 years vs. 43.8 £ 14.2 years). 21 subjects (5.3%) had
to drop out of the study before the end due to illness (own or of relatives) or job-related reasons.

Analysis of the questionnaires to characterize the sample showed that study participants are
representative of general population based samples. There was no indication of an increased
prevalence of depression, anxiety, special personality traits, extreme morning-evening types. Fur-
thermore the attitude towards mobile communication in the sample was equivalent to results
from representative population surveys.

The results of the present study do not provide evidence for short-term physiological effects from
electromagnetic fields emitted by mobile phone base stations on objective and subjective sleep
quality in a broad representative population sample. However, concerns about possible health
risks resulting specifically from mobile phone base stations were associated with a significant
deterioration of sleep quality in the sham condition.

ACKNOWLEDGMENT
This study was funded by the Federal Agency of Radiation Protection, Project Nr. M8837.



Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009

189

“Non-Thermal” RF Bioeffects: Real or Artifact?

C.-K. Chou!, J. A. Elder!, and A. W. Guy?
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Abstract— RF safety concerns started in the 1950s with exposure to radar, then expanded to
radio and TV broadcasting in the 1960s, microwave ovens in 1970s, police radar in 1980s and
mobile phones and other wireless communication devices in the last 15 years. These concerns can
be addressed by the weight of scientific evidence in approximately 2000 peer-reviewed articles in
the WHO database relating to RF bioeffects that includes more than 600 peer-reviewed papers
on mobile telephony exposure. The extensive RF database with effects at high and low RF expo-
sure levels has been reviewed by both the International Commission on Non-Ionizing Radiation
Protection (ICNIRP) and International Committee on Electromagnetic Safety (ICES) of IEEE to
develop exposure limits to protect against established adverse health effects. More than 40 coun-
tries have adopted ICNIRP or ICES limits. Since the early 1990s, world wide organizations have
spent and committed about half a billon US dollars on RF safety research on wireless communi-
cations alone. However, reports of effects at low exposure levels continue to raise public concern
about the safety of long-term exposure at current RF exposure limits. Because there is no known
mechanism to explain any observed effect at low exposure levels, the changes have been called
“non-thermal effects” by some researchers. The problem in confirming that the effect is indeed
“non-thermal,” and not due to an experimental artifact or a small change in temperature, con-
tributes greatly to the controversy about bioeffects of RF exposure. Labeling a biological effect
“non-thermal” implies that the effect is due to a “yet-to-be-discovered” mechanism other than a
temperature increase. The objective of this presentation is to show the importance of properly
conducted and thorough scientific research in identifying a weak thermal effect or experimental
artifact as an explanation for a number of biological changes reported as “non-thermal” effects

of low level RF exposure.

In the 1960s, a Soviet study reported a non-thermal effect of microwave exposure on action po-
tentials of isolated nerves. When the nerves were exposed in a temperature-controlled waveguide,
no effect on action potentials was found other than a thermal effect, even if the nerves were ex-
posed to very high intensity pulsed fields with peak SAR up to 220,000 W/kg. US researchers
in 1965 reported behavioral effects in rats at a low power density (1 mW /cm?); however, a more
thorough dosimetry evaluation showed the effect was due to a poorly designed exposure system.
The SAR was found as high as 185 W/kg in the hind legs when the rat’s tongue touched the
water bottle and the legs and tail were in contact with the metal ground plane. Without this de-
tailed dosimetry data, the behavioral effect was misinterpreted as evidence of a non-thermal RF
effect. In the late 1970s, an RF effect on tumor cells was almost reported as non-thermal, until
it was realized that the effect was due to the significant temperature gradient at the monolayer
at the bottom of the cell culture container. More recently in 2006, de Pomerai et al. reported
that their earlier published paper claiming that SARs of 0.004-0.04 W /kg induced a non-thermal
heat shock response in nematodes was incorrect because detailed dosimetry showed that a small
temperature rise explained the effect. In 2007, Tattersall et al. reported that the effects of low
intensity RF fields on electrical activity in rat brain slices published in 2001 were due to heating
at the electrodes. Other effects labeled as “non-thermal” that have been identified to be due to
experimental artifacts or temperature changes will be discussed. Researchers must be responsible
for including detailed and accurate dosimetry as an integral part of their biological studies to
make their efforts useful for the understanding of RF bioeffects. At this time, the existence of
“non-thermal” RF effects that could be associated with potential adverse health effects is not

proven.
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Why Do People Still Worry about Radiofrequency Safety in 20087

David Black
University of Auckland, New Zealand

Abstract— The recent rollout of third generation mobile telephone technology has seen resur-
gence in public concern about radio frequency safety in some parts of the world. The biological
and medical science regarding radio frequency safety is well established, mature, consistent and
coherent. Standards are in place throughout the world which are also coherent and in the most
part are soundly based on the science. The position generally taken by competent authorities
goes so far as to say that no adverse health effects at all are expected to arise from compliant
use of radiofrequency energy.

Despite this, during the last year public concern seems to be escalating in some countries, includ-
ing New Zealand. This anxiety appears to be particularly centred around mobile telephones and
their base stations. This paper analyses the sources of information frequently used by people with
ongoing concerns, the ways in which this information is interpreted and translated to anxiety and
the role of researchers, regulators and the media in perpetuating such concerns.

There is no doubt that, particularly having regard to the rapidly expanding nature of radio-
frequency based communications technology, ongoing searches for knowledge and understanding
are both worthwhile and inevitable. Nevertheless, it would seem that a side-effect of this process
is escalation and perpetuation of non- scientifically based ideas at the expense of public confidence
in the health protection afforded by modern and thoroughly researched standards. The media
and politicians are often held responsible for this, but it is questionable whether they doing any
more than should be expected of them. If so, who, if anybody, is to blame?
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Particle Swarm Intelligence Applied to Design Microwave Amplifier

for the Maximum Gain Constrained by the Minimum Noise over
the Available Bandwidth

Salih Demirel, Filiz Giines, and Ufuk (3zkaya
Electronics and Communication Engineering Department, Yildiz Technical University
Besiktag, Istanbul, Turkey

Abstract— Nowadays, microwave amplifier design is doubtlessly one of the major interests
of microwave engineering. Considering all the stringent requirements which include high gain,
low input VSWR together with the low-power consumption from the low-battery, the wideband
miniature LNA design is one of the biggest challenges to UWB transceiver integrations. In order
to meet these stringent requirements, first of all, the fast and low-noise, high quality transistors
are needed, which is of course the matter of the available technology. Traditionally, wideband
microwave amplifiers relied on transistors realized with composite semiconductors, e.g., GaAs,
because of the intrinsic superior frequency characteristics of such devices. The second level of
the challenge is the accurate analysis performance capabilities of the chosen transistor in order
to obtain the feasible design target space, and then is to design the microwave amplifier subject
to the feasible design target space. Otherwise is to utilize the device either under its potential
performance or for unrealizable requirements. This device characterisation problem is solved
point on the rigorous mathematical bases throughout the operation domain within the physical
limitations of the employed device. Thus, combining this performance characterisation with the
ANN or /SVRM model of the device, the compatible (Noise Figure F, Input VSWR V;, Gain
Gr) triplets together with their source Zg, and load Zj terminations can be obtained as the
functions of the operation variables Vpg, Ipg, f of the device. Originalities of this work can be
ordered as follows: (i) Exploiting the performance characterisation of a chosen high technology
transistor, the compatible triplet of (Minimum Noise Figure Fi,in(f), input VSWR, V; = const.,
the Maximum gain G max(f)) is chosen over a predetermined bandwidth B as the design target;
(ii) This design target is achieved only gain optimisation of the two simple matching circuits at
front and back-ends; (iii) Particle Swarm Optimisation (PSO)algorithm is employed as a simple
and efficient optimisation tool. Due to the superior intrinsic frequency features of the device, a
flat gain characteristic is obtained under the available minimum noise and input VSWR along
a maximum operation bandwidth. Moreover, the resulted amplifier circuit is a feasible circuit
that can be realized by microstrip technology. A typical design example is given synthesized,
target, simulated with the resulted, characteristics. Finally, the complete analysis of the whole
system is done using the optimized parameters and the resulted performance are compared with
the results of a Professional soft packet and shown that all of them are agreed well.
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Support Vector Synthesis Formulation of RF /Microwave
Transmission Lines

Nurhan Tiirker Tokan and Filiz Giinesg
Department of Electronics and Communication Engineering
Electrical and Electronics Engineering Faculty, Yildiz Technical University
Istanbul 34349, Turkey

Abstract— As it is well known, by offering the unique solution based on the structural risk op-
timization process, Support Vector Machines (SVMs) have verified their improved generalization
performance over other classical optimization techniques in the wide range of applications. This is
mainly because firstly, SVM solves a convex constrained quadratic optimization problem, whose
error surface is free of local minima and has a unique global optimum; secondly, SVM approach
is based on structural risk minimization (SRM) principle instead of empirical risk minimization
(ERM) which is used in ANN approach. SRM principle implements well trade-off between the
model’s complexity and its generalization ability. Furthermore, SVM is based on small sample
statistical learning theory, whose optimum solution is based on limited samples instead of infinite

sample that ensures enormous computational advantages.

Here, we introduce a general approach to synthesis formulation of the RF/microwave transmis-
sion lines to be used in the microwave integrated circuits (MICs): Support Vector Regression
(SVR) formulation based upon their electromagnetic analysis. For this purpose, firstly we de-
fine analysis and synthesis sides of the problem in the terms of the generalized structure of a
transmission line as the black-box representation. In these representations, one-to-one mappings
are implicitly assumed between the input and output pairs. Therefore, secondly, according to
the given synthesis definition, rearranging the input-output components of the analysis data, we
have the synthesis data to be inputted to the SVR to obtain its corresponding support vector

(SV) expansion.

In this work, we apply our approach “Support Vector synthesis formulation” to two types of
the transmission lines: (i) Conductor-backed coplanar waveguides with upper shielding; (ii) Mi-
crostrip lines. “Support Vector synthesis formulation” is made for the first type of the transmis-
sion lines based on its the rigorous electromagnetic analysis, while for the second one, firstly the
coarse analysis model is employed, then “knowledge based SV” expansion is generated using its
“fine model”. Thus we demonstrated the basic method in the first example, while in the second

one “knowledge loading” to the SVs is given.
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Particle Swarm Intelligence Applied to Determination of the
Feasible Design Target for Low-noise Amplifier

Ufuk (.jzkayal7 Filiz Giines, and Salih Demirel
Department of Electronics and Communication Engineering, Yildiz Technical University
Istanbul, Turkey

Abstract— In this work, the feasible design target space (FDTS) for a microwave transistor is
determined for use in the front-end as a low-noise amplifier employing a global optimum searcher.
The feasible design space (FDTS) is generated from the performance (Noise F', Input VSWR V;,
transducer Gain Gr) triplets and their source Zg and load Zj, terminations. Here, the passive
(Zs, Z1,) termination pair is the simultaneous solution of the nonlinear performance F, V;, Gr
equations of the transistor subject to the physical realization conditions. The physical realization
conditions are F' > Fuin, Vi > 1, Grmin < Gr < Grmax, Re{Zin} > 0, Re{Zyu:} > 0 for the
solution passive (Zg, Z1,) termination pair. In order to determine the design target space of a
microwave transistor at a certain operation (Vpg, Ips, f) condition, the problem can be consid-
ered into two parts: In the first part, upper limitation of the gain G pax should be determined
with itS Zgmaxs ZL max termination couple. This problem can be described as a mathemati-
cally constrained maximization to find out the maximum value of Gr(Rs, Xg, Ry, X1,) for the
passive Zg and Zj, terminations satisfying the stability conditions subject to the constraints of
O = Freg — F(Rs,Xs) = 0 and & = Vipeg — Vi(Rg, X5, Rp, X1) = 0, where F(Rg, Xg) and
Vi(Rs, Xs, Rr, X1) are noise and input VSWR performance measure functions of the transistor
at the chosen operation condition and F., and Vi, are the required noise and input VSWR
values; respectively. In the second part of the FDTS problem, the passive (Zg, Z,) termination
pair is determined for the required gain Gpmin < Gr < Grmax constrained by the required
noise, Fyeq > Fnin and input VSWR, Vjeq > 1. For the optimization process, cost functions can
be expressed suitable for these objectives and then particle swarm intelligence is applied as a
simple, fast and efficient tool. The results are compared to the corresponding ones obtained from
the performance characterization theory [1]. Excellent agreement are resulted, thus, we present
a simple and efficient approach to be used during the design process of a low-noise amplifier, to
determine the FDTS at a chosen operation point of the device without having need for more
complicated knowledge and software.
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Synthesis of Multi-beam Uniform Linear Antenna Arrays Using
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Abstract— Nowadays, multiple-beam antenna arrays have received significant attention of the
researchers, since their syntheses reduce space and cost and they find a wide-range of application
in microwave technology such as communication and radar. The way changing the radiation
pattern for an antenna array on a ready printed board is to change the feeding conditions. Here
the main idea is to get result with the optimum cost [1]. Based upon this idea, in the last years
there has been a great interest in the design and applications of multi-beam antenna arrays in
the form of the re-configurable arrays using optimization algorithms, particularly derivative-free,
evolutionary algorithms such as bees algorithm [2], particle swarm optimization (PSO) [3], genetic

algorithms [4].

In this work, design of a reconfigurable multi-beam antenna array is carried out: Two types of
radiation patterns — pencil beam and flat-top — are synthesized using the 20 element; uniform,
linear array feeding a 5-bit digital attenuator in steps of 1/32. We achieve the flat-top radiation
pattern requirements by using additionally a 6-bit digital phase shifter in the steps of 5.625°. In
the optimization process, pattern search (PSearch) is implemented successfully. Psearch is a di-
rect method for searching minima of a function which is not necessarily differentiable, stochastic,
or even continuous. Furthermore, a fixed dynamic range ratio (DRR) value is kept in the synthe-
sis of excitation amplitudes in order to minimize the effects of coupling between the neighboring
array elements. In addition to these two types of radiation patterns, a difference pattern can also
be obtained by only exciting with the 180° phase uniformly to the half of array elements in sym-
metrical positions in the pencil-beam distribution. Besides, “Thinning” process can be applied
to each of the feeding arrangement, thus two more different radiation patterns are obtained. All
of these patterns can be controlled under the established objectives with a single optimization

procedure.

A sensitivity analysis is also performed to verify that optimized designs could be successfully
applied in real-world scenarios. Finally many typical worked examples will be presented for the

above-mentioned design approaches.
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Design of a Broadband Microwave Amplifier Using Fuzzy Logic

Performance Data Sheets with a Artificial Immune System
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Abstract— Optimization is one of the fundamental processes frequently encountered in the
engineering problems and is highly nonlinear in terms of the descriptive parameters of the system.
An optimization process generally contains two fundamental problems:

(i) The first is to form a feasible Design Space which is defined in terms of the design variables
and targets;

(ii) The second is that the global minimum of the error (objective) function governing the
optimization must be obtained with respect to the design variables within the feasible design
space.

For optimization of a microwave amplifier, design variables are generally the matching circuit
parameters whose lower and upper limits are very often determined by the technology to be
utilized in the realization stage of the design. Nevertheless, design targets are still one of the
main problems of the amplifier optimization. Generally, the optimization is focused on the
transducer power gain (Gr) over a frequency band of operation without controlling the other
performance criteria such as the noise (F'), the input standing wave ratio (V;). Certainly, within
the optimization process one can easily embed the desired performance goals without knowing the
physical limits and/or compromise relations among F, V; and G appropriately. Unfortunately
this process often fails to attain the desired goals. However, the Fuzzy Logic Performance Data
Sheets (FLPDS) of the transistor overcomes all the above-mentioned handicaps and embeds the
compatible (F', V;, Gr) triplets with their source (Zs) and load (Z1) terminations together over
a predetermined frequency band of operation, which is given in the accompanied paper [1]. So
optimization of a microwave amplifier is a multi-objective design problem with a mix of equality
and inequality constraints.

The Artificial Immune Optimization algorithm with the binary mode is utilized in the multi-
objective optimization process for the global minimum of the objective function which is expressed
as a function only gain of a matching circuit, in the negative exponential form to ensure the rapid
convergence. Here optimization of a microwave amplifier with the different type matching circuits
is given as a worked example and its resulted performance ingredients are compared with the
design targets.
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Design of a Patch Antenna with Integration Cellular Automata and
Genetic Algorithm

Y. Cengiz' and H. Tokat?
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Abstract— Microstrip patch antennas are used in many communication systems as they are
low-weight, low-cost and as they have multi band properties and effective performances. Espe-
cially microstrip antennas gain importance because they have a great range of usage area such
as, GSM, space vehicles, planes, radars, satellite communication in many millitary services and
their production is easy with printed circuit technology [1].

At the antenna design, small changes affects the performance of the antenna. While optimizing
the shape, the probality of the finding best configuration is very low, because of possible wide
range geometries. If the geometry can be determined by formulations, then optimized geometry
range can be more computable.

Cellular Automata is a geometri determination method which has a system with simple rules and
becomes from stages affecting by themselves mentioned at 1982 by Stephen Wolfram. Through
this method, beginning from a black box, it is possible to reach the whole different rules that
models the system.
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Neural Network Based Target Recognition
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Abstract— In this paper, a neural network solution is proposed for identification of cylindrical
targets located above the perfectly conducting (PEC) flat surface. A set of features are derived
from scattered fields calculated by using the image technique formulation and Moment Method
(MoM). In this simulation problem, 100 field values are obtained at a given scattering angle for
each of the ten targets by changing the starting frequency 1 GHz to 10 GHz. Thus, there are
1000 samples for the dataset used for neural network. An RBF (Radial Basis Function) network,
the two layer feed-forward neural network using radial basis functions, utilizes the feature set for
target identification. Such a network is characterized by a set of inputs and a set of outputs. The
input layer of the RBF is designed to have three neurons including the frequency, the real and
the imaginary parts of the scattered field and the output layer has two neurons corresponding to
the radius and the height.

This work aims to find the heights measured from the surface and radiuses of the targets from
the scattered field values. Thus, it is shown that electric field features for a target can be
extracted from its radar returns that are independent of such radar parameters as target range,
loss, antenna gain, etc. They are determined only by the frequencies, the scattering angles and
the fields. These results are very useful in practical applications especially relating to target
recognition.
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A 5 GHz LNA Design Using Neural Smith Chart
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Abstract— In wireless communications, receivers need to be able to detect and amplify incom-
ing low-power signals without adding much noise. Therefore, a Low Noise Amplifier (LNA) is
often used as the first stage of these receivers. As the usage of wireless communication in 2.4 GHz
band grows, it causes uncontrolled occupancy by users in that band. Since it is an unregulated
frequency, the 2.4 GHz band also suffers from enormous interference effects generated by devices
like microwave ovens and 2.4 GHz transmitters that will reduce performance especially in wireless
local area networks (WLANSs). On the other hand, the 5 GHz band provides lots of unlicensed
spectrum and it has less interference. Recently, many researchers have been focused on the 5 GHz
standard in the design of wireless transceivers which should be used in 802.11a, HiperLAN2 and
HiSWANa applications. The Smith chart was originally intended to be a graphical aid for elim-
inating the drudgery of computation with complex numbers in microwave engineering. A great
deal of knowledge can be acquired from a Smith chart e.g., standing wave ratio, single and double
stub tunings and much more. Also, it is very useful in conveying input impedance variations along
a transmission line as the observation point moves away from the load. Although Smith charts
are valuable and contain significant amount of information, inaccurate observations can lead to
erroneous results and frustration. In this work, an Artificial Neural Network (ANN) model of
the Smith chart is proposed for an alternative solution to impedance matching of a LNA design
which has been entitled “Neural Smith Chart” shortly. The feed-forward Multilayer Perceptron
(MLP) type of neural network is utilized with the two hidden layers, three inputs and twenty-
three outputs. Real and imaginary part of source impedance, physical length and characteristic
impedance of the transmission line, operation frequency are inputted to this network, while the
magnitude and the phase of the output reflection coefficient, real and imaginary part of output
impedance, single stub matching lengths and reactance, double stub matching lengths, position
lengths and VSWR are taken as the outputs. This work presents the design of a single-stage, low
noise, stable and matched amplifier. The amplifier is designed around the Agilent ATF-551M4
low noise enhancement mode pseudomorphic HEMT (EpHEMT). At 5 GHz and biased at 2V
and 20 mA, simulation results show that the amplifier provides 13.00 dB transducer gain, 0.77 dB
noise figure, 5dB and 77 dB input and output return loss, respectively. The input and the output
impedance matching circuits are performed using Neural Smith chart outputs and MATLAB®
RF Toolbox simulation solutions for comparison. Neural Smith chart gives satisfying results
at 5 GHz which are 12.81dB transducer gain, 0.76 dB noise figure, 4.7dB and 28 dB input and

output return loss, respectively.
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Effect of Edge-preserving Parameters on GPR Reconstruction

Figure 1: The relation of (a) auxiliary parameter § and SNR, and (b) regularization parameter y and Ey/Fg.

Hui Zhou' 3, Zhaolei Wang?, Dongling Qiu®, and Guofa Li':3

!State Key Laboratory of Petroleum Resources and Prospecting
Key Laboratory of Geophysical Prospecting, CNPC, China
2QOriental Geophysical Corporation, Zhuozhou, Hebei, China

3China University of Petroleum Beijing, Beijing 102249, China

Abstract— The key of the application of regularization is to construct a regularization operator
and to determine regularization parameters. A simple and well-known regularization method is
to suppose the model is globally smooth. However, realistic geological model consists of not only
smooth regions, but also evident boundaries that are important characteristics of the model.
These boundaries need be preserved in order to obtain high-resolution reconstruction images
with a clear background and boundaries. However, it is difficult to preserve the boundaries and
to avoid excessive smooth in the effective application of the regularization method. Conventional
smooth method cannot overcome the conflict of suppressing noise and preserving edges since the
noise and the edges are both high frequency components of a reconstructed image. Conventional
smooth method deals with the noise and boundaries equally. As a result, the noise is weakened,
and the boundaries are blurred. Contrarily, the boundaries are reserved, the ability to resist noise
is lowered. In practical reconstructions it is necessary to tradeoff the edge preservation and noise
suppression.

In this paper we use the edge-preserving method to reconstruct the subsurface. We try to
investigate the relation between the regularization parameters and the error of data by theoretical
analysis and numerical calculation, and to find a rule to determine the edge preserving parameters
reasonably and efficiently.

By theoretical analysis we find that x, which is one of two regularization parameters, should be
selected to let the gradient (be protected) of the actual model be located in the right section of
a potential function, and to let the gradient (be smoothed) created by error and noise be located
in the left section.

In addition, two-dimensional numerical reconstruction examples are conducted from synthetic
ground-penetrating radar data. For each reconstruction example using a data set with a certain
signal to noise ratio (SNR), a best regularization parameter pair § and x is obtained. 6 is
another regularization parameter. By fitting two lines of -SNR and x-En/FEg (the ratio of noise
to signal), two graphs of §-SNR and x-Ey/Es are obtained and they are shown in Figure 1. It
shows that 6-SNR and x-FEx/Es are nearly linear. As a result it is possible to determine 6 and
x by SNR.

0.5 0.30
0.4 0.25 |
03 [ ® 0-20
0 I X 015 [
0.2 ot0 | <
0.1 [ ° 0.05 [
0 ’ ’ 0.00
0 5 10 15 20 25 0.0 0.5 1.0 L5
SNR (dB) E,/E;
(a) b)



Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009 203

Use GL TM Model Inversion to Detect the Dielectric Parameter

Jianhua Li''2, Ganquan Xie!, Lee Xie!, Chien-Chuang Lin?, and Michael Oristaglio®
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2Da Yeh University, Taiwan
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Abstract— In this paper, we present an Advanced Global Integral and Local differential Con-
trol Source Magenetotelluric inversion, shortly call AGILD CSMT, for Earthquake and geophys-
ical imaging. The MT data in the Wenchuan Earthquake area and Long Men mountain crack
layers is measured by us and Chengdu Technology University during the risk aftershock period.
For compensating the lack of the MT data, the control source MT data in the low frequency in
some locations are measured. The low frequency band is from 0.01 to 100 Hz. A low frequency
CSMT AGILD is developed that the shallow-deep layer is chosen to match the corresponding
higher-lower frequency. Suppose that the resistivity can be measured in the surface, the AGILD
inversion is performed to search the variance resistivity in the k layered 3D-2D sub domain if the
variance resistivity in the above k — 1 layered subdomains is determined. Our Global and Local
EM field modeling is used in the AGILD CSMT 3D FML inversion. Because the GL modeling
does not need to solve big matrix equation and the variance of the resistivity is changed in 3D
layered subdomain only, the ADILD CSMT LMF inversion is fast and high resolution and can
be extended to 3D ocean CSMT inversion with the controlled EM sources is located in ocean bed
surface.
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A Model for the Lower Atmospheric Electric Field Due to Thunder
Cloud Charge Distribution

S. S. De, B. Bandyopadhyay, Suman Paul, M. De, and D. K. Haldar
Centre of Advanced Study in Radiophysics & Electronics, University of Calcutta, India

Abstract— The distribution of electric charges in the electrified cloud introduce important
effects in the ionosphere and into the region between the ionosphere and the earth. The electrical
properties of the medium changes greatly between thundercloud altitudes and the magnetosphere.
Various models are there to examine the electrical coupling between the earth’s upper and lower
atmospheric regions. The main sources of electric current in these regions are thunderstorms
which are distributed statistically in geographic areas.

A model for the penetration of DC thundercloud electric field at these regions has been presented
here. The model deals with the electromagnetic responses of the atmosphere which are simulated
through Maxwell’s equations together with a time varying source charge distribution.

The modified ellipsoidal-Gaussian profile has been taken for the charge distribution of the elec-
trified cloud. The conductivity profile of the medium is taken to be isotropic below 70 Km height
and anisotropic above 70 Km. The earth’s surface has been considered to be perfectly conductor.

A general form of equation representing the thundercloud electric field component is deduced.
The solution is appropriate to study the electric field variation in the atmosphere.

Electrified clouds and lightning play important role in the global electric circuit. The vertical
component of the electric field would relate the global electric circuit while the radial component
would show the electrical coupling between the lower ionosphere and the ionized earth environ-
ment. The role of such thundercloud electric field may be made useful to investigate the formation
of field-aligned irregularities in the upper atmosphere.
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Loss Mapped Perfectly Matched Layer (LMPML) Absorbing
Boundary Conditions for Truncation of FDTD Lattices

Roman Trogan and Carey M. Rappaport
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Abstract— Loss Mapped Perfectly Matched Layer (LMPML) ABC is presented here as a new
approach for memory storage and operation count efficient ABC formulation. The derivation
of this method starts similarly as other approaches with the frequency domain definition of
original PML method. Unlike other approaches, the LMPML does not immediately Fourier
transformation the equation to the time domain. Instead the LMPML manipulates the frequency-
domain PML formulation by introducing two auxiliary variables E and H. These variables are
calculated in a very efficient way inside ABC layer. While these are not real electric and magnetic
fields components, their usage is allowed in the region outside main computational grid. The basic
relationship between these auxiliary variables and real electric and magnetic fields is defined by:

oF, 1 0F

on ~ 1-jS, on

(1)

with F being electric or magnetic field at the spatial point (n, s,b), with unit vectors 7t x § = ?),
and spatially-dependent loss S,, = o ppr,/we for the PML at n = nppy. The method then derives
a new relationship between auxiliary and real electromagnetic fields for the time domain:

or, (0 1 - ~ 0(1/7(n)) €
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Using both time and frequency domain relationships between the auxiliary and real fields of the
same type (electric or magnetic), a new relationship between the different auxiliary fields inside
the LMPML can be specified. This is achieved by replacing the space derivative term of the time-
harmonic Maxwell’s curl equations for the PML media, transforming the new equation into the
time domain, and finally replacing the time derivative term of the remaining real electromagnetic
field. In two dimensions (TM,; or TE; the resulting relationship will have the form:

1 (0F, OF, d 1\ - _ 9(1/7(n

with Fy. being H, (or ES), Fy being E}, (or f[b), and p being H, (or -p).

The LMPML formulation presented here was implemented and fully tested for the two-dimensional
case. The theoretical discussion also applies to the three-dimensional case. The method shows
an improvement in the memory storage saving and operation count compared to the regular
split PML formulation, and seems to be competitive with other PML methods. The method
is expected to have a significant memory saving and operation count advantage over all known
methods for the lossy medium case.
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Retrieval of Atmospheric Temperature and Moisture Profiles from
Combined High Spatial Imager and Hyperspectral Infrared
Sounder Measurements

Jun Li, Jinlong Li, Elisabeth Weisz, and Chian-Yi Liu
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Space Science and Engineering Center, University of Wisconsin-Madison
1225 West Dayton Street, Madison, WI 53706, USA

Abstract— Hyperspectral infrared (IR) sounders such as Atmospheric InfraRed Sounder (AIRS)
onboard the NASA’s Earth Observing System (EOS) Aqua platform and Infrared Atmospheric
Sounding Interferometer (IAST) onboard the Europe’s Metop-A satellite, provide unique capabil-
ity of deriving global atmospheric temperature and moisture profiles with high vertical resolution
and accuracy. The high spatial resolution imagers such as Moderate Resolution Imaging Spec-
troradiometer (MODIS onboard Terra and Aqua platforms) and Advanced Very High Resolution
Radiometer (AVHRR, onboard NOAA satellites and Metop-A) provide abundant surface and
cloud information with IR sounder sub-pixel. Combination of collocated imager and IR sounder
measurements provides unique capability of sounding the atmospheric in cloudy skies. This pre-
sentation summarised the algorithm of synergistic use of high spatial imager and high spectral
sounder radiance measurements for the retrieval of atmospheric temperature and moisture pro-
files as well as the cloud-top properties. MODIS/AIRS and AVHRR /TAST are used for algorithm
evaluation and sounding retrieval demonstration.
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Improvements in a Boundary Element Model for Eddy Current

Nondestructive Testing of Cracks

Theodoros Theodoulidis
University of Western Macedonia, Greece

Abstract— In eddy current nondestructive testing a probe coil is used to induce eddy currents
in conductive structures and to detect and quantify flaws in these structures by monitoring its
impedance changes. From the modeling point of view, a typical problem is the calculation of
the coil impedance when this is located above a planar conductor that contains a flaw either in
the form of a narrow crack or in the form of a volumetric loss of material, both of which can be
surface or subsurface.

Existing models that utilize integral approaches comprise either boundary element or volume
element schemes for discretizing the crack area. Especially for fatigue cracks, which are very
narrow, only the crack surface needs to be discretized and so boundary elements are better
adapted. These models originate from similar ones in the field of geo-electromagnetic induction
and are limited to the quasistatic domain since for eddy current frequencies the displacement
current is negligible.

In this work, we improvise on two aspects of a boundary element model that has been shown
to be very efficient in simulating real inspections [1]. First, we analytically evaluate the Green’s
functions Sommerfeld-type integrals in the spatial domain by using the Generalized Pencil of
Function (GPOF) method instead of attempting to compute them in the spectral domain, and
further apply Taylor expansions so that the computation becomes independent from numerical
integrations [2]. As a result, the moment matrix fill-time is considerably reduced. Although
this approach that actually constitutes the complex image method is common knowledge in the
field of wave propagation and especially microstrip design, it has not been used at eddy current
frequencies so far.

Regarding the second improvement, we reduce the calculation speed of the incident field (i.e.,
unperturbed by the crack) either by using again GPOF or by introducing domain truncation [3].
The former is possible because the expression of the incident eddy current field from the usual
pancaketype excitation coil has the form of a Sommerfeld-type integral. However, for alternative
coil shapes like the rectangular one or for the general case of arbitrary coil shape and orientation,
the incident eddy current field is given by a 2D-inverse Fourier expression. In this case, when
GPOF is precluded, we can speed up the calculation by recasting the problem in a domain of
finite extent. As a result, the 2D-Fourier integral is transformed to a 2D-Fourier summation
which can be computed more rapidly and efficiently. Domain truncation is feasible at eddy
current frequencies since the medium is lossy and the excitation coil field has a finite extent
usually of the order of a few coil sizes. Truncated domain solution can yield results that are
numerically as close to the infinite domain solution as desired by adjusting the location of the
imposed boundaries to make them more remote from the field source. Both magnetic and electric
insulation boundaries are possible.

The net result from these improvements is the rapid calculation of the eddy current crack signal
which is very useful for crack shape inversions. We compare theoretical results to published exper-
imental measurements for verification purposes and also compare them to previous calculations
in order to demonstrate the considerable reduction in computation time.
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Multi-parameter Inversion of Electrical Array Lateral-logging by
Using the Neural Networks

Yueqin Dun, Jihuan Tian, and Jiansheng Yuan
Department of Electrical Engineering, Tsinghua University, Beijing 100084, China

Abstract— To judge which layer or what depth of the earth is of petroleum or gas, a mea-
surement sonde is put into a borehole and moved down to measure the physical characteristics
of the soil, which is called logging. Extracting the electrical and the structure parameters of the
soil from the measured data, which is an inversion problem, is the most important objective of
logging. The principal parameters need to be inversed involve the resistivity of the mud (Rm)
in the borehole, the resistivity of invasion (Rxo) surrounding the borehole, the resistivity of the
true formation (Rt), and the diameter of the invasion (Di).

The inversion of the parameters is a nonlinear and multi-solution problem. The linearization
methods are often used to solve the problems, such as the damped least-square method, which gets
a convergent solution by an iterative process with suitable initial parameters. The linearization
methods may converge to a local optimal solution if the initial parameters deviate far from the
real solution. And the forward problem must be calculated for many times during the iterative
process. Therefore, the solution based on the conventional iterative algorithms is time-consuming
and unstable.

To avoid the defects of the iterative algorithms, the back propagation (BP) neural network is
applied to inverse the parameters in this paper. The targets and training samples are setup based
on the characteristics of the electrical array lateral-logging. By the array logging sonde, a total
of six apparent resistivity (Ra) responses are measured, among which the shallowest apparent
resistivity (Ra0) is most sensitive to the mud in the borehole and can be used to estimate Rm,
and the other five responses, Ral to Rab, are all sensitive to the formation parameters. Therefore,
two sets of supervised neural networks with three layers are built to inverse the parameters. One
is single target that is Rm, and the other is multi-targets that are Di, Rxo, and Rt. The transfer
function between the input layer and the hidden layer is “tansig”, between the hidden layer and
the output layer is “purelin”, and the Levenberg-Marquardt optimization function “trainlm” is
adopted as the training function. Before training, the representative and proper sample data
according to the practical engineering logging are prepared by the forward problem solution,
which are taken as the inputs and the targets of the neural nets. To get a better and stable net,
the data are standardized so that they have means of zero and standard deviations of 1. After
training the nets by the models or samples, they can converge rapidly, and the target parameters
can be inversed accurately.

The BP neural network doesn’t need any initial parameters, so that it can reach to the global
optimal solution if the number of samples is great enough. Once the neural network has been
trained successfully, it can be used without any iterative calculation, and it only needs 0.3 second
to provide the Rm for 400 logging points by the neural network presented in this paper.
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A Pore-scale Network Flow Model for Two Phase Flow

Koukung Alex Chang
Department of Applied Mathematics
National Pingtung University of Education, Taiwan

Abstract— A pore-scale network flow model is one that discretizes the void space of a porous
medium into a collection of pores within an interconnected network. This research presents a
reactive transport pore-scale network flow model as well as a computational algorithm to study
the genesis of the gaseous phase from the liquid phase. This model can also be used to study the

influence of CO5 sequestration to the environments.

It is believed that the carbon dioxide’s emission into the atmosphere is one reason to cause the
global warming. Sequestration of COs in deep saline aquifers is a strategy to reduce atmospheric
CO; emissions and has appeared as a reasonable choice. The maximum COs storage capacity
in worldwide is approximately in the range 10,000 to 200,000 Gt CO5. This amount of carbon

dioxide is about hundreds to thousands of years of global CO5 emissions.

Because the solubility of carbon dioxide in the water varies with the pressure and temperature,
the gaseous phase may be generated while the carbon dioxide saturated fluids flow through
various depths. This phenomenon may jeopardize the underground environments. Therefore the
decision carrying out CO5 sequestration relies on some geochemical simulations to demonstrate
long-term residence of COs underground even though it is such large amount potential capacity
for subsurface CO5 storage. These simulations depend on adequate models to understand the
mechanisms that govern the chemical reaction, transport and transformation of the injected CO4

over different length and time scales.

The model presented here contains two parts: one describes fluid transport equations which
follow mass conservation law; the other one is reactive equations which represent phase equilateral
conditions. Combining these two parts, this model forms a nonlinear system which contains six
unknowns as well as six equations. The challenge of this model is that the mass conservation
equations and the phase equilateral conditions should be solved simultaneously and the algorithm

must be very flexible to allow for the spontaneous creation and extension the gas phase.

The Pore-Scale Network Flow Model will be developed to AGILD flow electric coupled model for

Taiwan’s water environment.
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A Pore-scale Network Flow and DC GILD Coupled Modeling for
Prediction of the Earthquake

Koukung Alex Chang'! and Ganquan Xie?
Department of Applied Mathematics
National Pingtung University of Education, Taiwan
2GL Geophysical Laboratory, USA

Abstract— In observing before Wenchuan Earthquake and Tang Shan Earthquake, the chang-
ing of the underground water have important signification. In this paper, we present a pore-scale
network flow and DC GILD coupled modeling for prediction of the earthquake. A pore-scale
network flow model is one that discretizes the void space of a porous medium into a collection of
pores within an interconnected network. This research presents a reactive transport pore-scale
network flow model as well as a computational algorithm to study the genesis of the gaseous phase
from the liquid phase. Before earthquake, the metal, pressure, water table and Co2 in ground
water should be changed. According to these changing records, we develop Pore-Scale Network
Flow and DC GILD Coupled Modeling to simulate the two phase flow and electric conductivity
and electric potential that will be useful for predict earthquake and, in particular, useful for
prediction and remediation of the water environment.
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Experimental Study on the Role of Water in the TIR Anomaly

before Earthquake

Shanjun Liu?, Qunlong Chen', Guoliang Li', and Lixin Wu?

LCollege of Resources and Environment
Hebei Polytechnic University, Tangshan 063000, China
Institute for GIS/RS/GPS & Digital Mine Research
Northeastern University, Shenyang 110004, China

Abstract— TIR anomaly before tectonic earthquake is becoming a research hotspot for seis-
mology and remote sensing. Past study showed the thermal infrared (TIR) anomaly precursors
appear before violent earthquake, and the anomaly appeared mostly in the water area of earth
surface. To study the mechanisms of Infrared anomaly some physical simulation experiments of
rock fracture were carried out. The experimental results showed that the TIR anomaly precursors
appeared before the fracture of rock samples. There were two kinds of TIR anomaly as precursors
of rock fracturing and failure: IRR image anomaly and IRR temperature curve anomaly, which
are prospectively used as the monitoring index of remote sensing for rock fracturing phenomenon.
The results of the simulation experiments indicated that TIR remote sensing will be prospectively
applied to monitor the earthquake precursors. However, the IRR feature of hydrous rock was

rarely researched in past simulation experiment.

In this paper, a contrastive infrared radiation imaging detection experiment of dry rock and
wet rock in uniaxially compressing process is carried out. The types of rock include sandstone,
marble and granite diorite. A high-capability infrared thermal imager is used to detect the

infrared radiation from rock samples.

The experimental results show that: 1) along with load applying, the IR radiation temperatures
of two type of rocks increase. But in the same circumstances, the increment of IR radiation
temperature of wet rock increases greater than the dry rock. For example, the infrared radiation
temperature of wet sandstone increases averagely about 1 K, meanwhile the that of dry sandstone
increases averagely about 0.2 K; 2) AIRT (average infrared radiation temperature)-time curve of
the wet rock keeps accordant variation with the load-time curve, whereas dry rock does not,
which seems that the relationship of wet rock between stress and IR radiation temperature is
closer than that of dry rock. The result indicates that infrared detection technique was better

used to monitor the stress change of the wet rock than dry rock.

In the basis of the experimental result analysis the thermomechanical coupling effects for dry
rock and wet rock are discussed, and some views are also put forward to explain the experimental

phenomenon and the TIR anomaly before earthquake.
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A Novel RSW Antenna

Kai Ma', Di Wu!, and Seo Kazuyuki?

1Jiangsu Key Laboratory of Wireless Communications
Nanjing University of Posts & Telecommunications, Nanjing 210003, China
2Development 2nd Dept., Nippon Pillar Packing Co. Ltd.
Sanda, Hyogo 669-1333, Japan

Abstract— In this paper, a novel design of reduced-surface wave (RSW) antenna that have
minimum surface-wave excitation and radiation at the horizon is presented. The antenna is a rect-
angular patch which is a classic rectangular patch and has its inner edge shorted by a rectangular
conducting wall. Different from other RSW antenna, the upper substrate of the antenna is air
substrate. The feed network is achieved by using H-sharp aperture-coupled configuration. These
patch designs excite very little surface-wave power, and thus have better radiation characteristics
when mounted on finite-size ground planes.
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An Improvement to Decrease the Effect of Handset Internal
Components on a Dual Band PIFA Performance

M. Pasandehmanesh, D. Arefan, and M. A. Ebrahimi-Ganjeh
Electrical Engineering Department, Sadjad Institute of Higher Education, Iran

Abstract— This paper presents a dual band planar inverted-F antenna (PIFA) which has been
designed to get less effect of handset internal components than previous ones in 900 and 1800 MHz.
The applied technique based on decreasing the space between radiation and ground plane in some
parts of the antenna. Two shapes of a handset ground plane, as well as the antenna alone are
examined. VSWR and radiation pattern of the antenna has been computed, and compared in
each case. All numerical simulations are performed using the Ansoft HFSS software.

A Sample:

Figure 1: The Antenna in top of a handset ground plane. The effect of an inner grounded battery has been
considered.
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Low-profile Array Antenna for UHF RFID Tag on Metallic Objects

Horng-Dean Chen and Yu-Hung Tsao
National Kaohsiung Normal University, Taiwan

Abstract— The use of radio frequency identification (RFID) systems in recent years has in-
creased noticeably. At present, the desirable frequency band for RFID application is UHF band
(860-960 MHz) owing to forceful demands for long reading distance, high data rate, and small
antenna size. Tag antenna is one of the essential components for RFID system. In many appli-
cations, tag antenna of very low profile and metal proximity use is desirable. Recently several
designs based on PIFA or microstrip patch antennas have been proposed for metal objects. Al-
though all of the related antennas give good reading-range performance for RFID application,
they use a high profile structure (substrate thickness > 3 mm). However, it should be noted that
microstrip antenna having a lower profile structure exhibit a lower antenna gain. To improve
the characteristics of low-profile antenna, array antenna is well-known candidate. So far, little
research has been done on the RFID development in tag array antenna.

In this paper, a two-element shorted microstrip array for UHF band RFID tag mountable on
metallic objects, as shown in Fig. 1, is proposed. The proposed antenna used the meandered
quarter-wavelength microstrip lines as impedance transformer to achieve conjugate impedance
matching between the radiating patches and microchip. Moreover, the microstrip lines are also
used as phase-reverse device that makes the surface currents of two radiating patch in phase and
can thus achieve the enhanced antenna gain. Fig. 2 shows the simulated and measured return
loss. The measured result agrees well with the simulated one. The effects of the spacing (d)
between the two radiating patches on RFID tag read range were also investigated. Details of the
proposed designs and obtained experimental results will be presented.
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Figure 1. Figure 2.
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Design of Thin-membrane Printed Dipole

Daqun Yu' and Ruiping Zhu': 2

!Nanjing Research Institute of Electronics Technology, Nanjing 210013, China
2China National Key Laboratory of Antenna and Microwave Technology
Nanjing 210013, China

Abstract— Future space-based radar and spaceborne SAR require very large aperture and
high-gain phased array antennas. Membrane-based deployable antennas provide a means to
reduce mass, stowage volume, and overall cost of radar antenna system. JPL has developed some
array antennas which are based on thin-membrane structure, and the elements of these antennas
are microstrip antenna. But there are some distinct disadvantages associated with these thin-
membrane microstrip antennas, as shown in Section 1 of this paper. As an improved antenna
element, a novel printed dipole which based on thin-membrane structure is presented in this paper.
This thin-membrane printed dipole is center fed by parallel-strip (PS), which is transformed from
coplanar waveguide (CPW) by using a vertical transition balun. This vertical transition between
CPW and PS has a wide frequency band due to the two waveguide structures have little or no
variation of their characteristic impedance with respect to frequency and can meet the design
requirement of thin-membrane printed dipole. The use of CPW in the feed network make this
printed dipole easily integration with T/R modules. The whole thin-membrane printed dipole
with vertical transition balun is simulated by means of Ansoft HFSS. From the simulation result,
it is know that this printed dipole has wide bandwidth of 190 MHz (15.2%) and good radiation
characteristic with low cross-polarization (< —30dB). The thin-membrane printed dipole is a very
useful antenna element for future large aperture, lightweight, deployable and high-gain phased
array application.
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CPW-fed Compact Planar UWB Antenna with Circular Disc and
Spiral Split Ring Resonators

Li-Ming Si, Hou-Jun Sun, Yong Yuan, and Xin Lv
Department of Electronic Engineering, School of Information Science and Technology
Beijing Institute of Technology, Beijing 100081, China

Abstract— This paper presents a novel compact-size (the diameter of the radiating element
is only 0.05\ at the lower end of the operating band, 1.2 GHz) coplanar waveguide (CPW)-fed
planar antenna with 10dB return loss (VSWR < 2) bandwidth from 1.2 to 25 GHz, 182%, for
ultra-wideband (UWB) communications. The proposed antenna consists of a circular disc and a
spiral split ring resonator displayed on an inexpensive FR4 _expoxy substrate. This UWB printed
monopole antenna adopts CPW-fed and two tapered transmission lines for improving broadband
impedance matching in the required band. Numerical simulations using finite element method
(FEM) show that the radiation patterns over the mostly operation band are omni-directional in
H-plane and symmetrical in E-plane, with an average gain of 4.5 dB.
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Design and Fabrication of Wide Band Printed Multi-ring Fractal
Antenna for Commercial Applications

M. Kazerooni and A. Cheldavi
College of Electrical Engineering, Iran University of Science and Technology (IUST)
Narmak, Tehran, Iran

Abstract— This paper presents a wideband printed multiring fractal antenna. The ground
plane is only under part of the feed line. Good performance of S-parameters is obtained. This
optimized fractal antenna has the potential of operating in several of the currently broad band
commercial existing systems such as, Bluetooth and GSM.

In our work, a simple structure of printed multiple elliptic ring fractal antennas has investigated
and also demonstrated. A significant matched bandwidth compared to the conventional multiple
ring monopole antenna has obtained. Many possibilities of improved design have been investi-
gated by varying the width of the rings. On the other hand, this type of structure can achieve
larger matched bandwidth in comparison to conventional multiple ring monopole antennas. Sim-
ulation and experimental results confirm that this type of antenna can achieve better performance
than the conventional multiple ring monopole antennas, and obtain ultra wide bandwidth of more
than 14 GHz under —10dB. By tuning of elliptic ring partial ground size the optimum operation
is obtained. The gap between antenna and ground plane is the key point for impedance matching
performance of radiation pattern and S parameters. On the other hand, a novel wide-band fractal
patch antenna is designed, measured and analyzed. Based on these concepts, a compact printed
fractal antenna has constructed with the aid of an electromagnetic (EM) simulator using Ansoft
HFSS (a full wave simulator). The impedance antenna structure bandwidth of the proposed
antenna could reach 64%, which has rarely been reported for patch antennas. All results and
performance are validated and confirmed experimentally.
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Analysis of the Multi Surface Current Distributed within in a
Broadband Printed Monopole Antenna

Sung-Keun Jeon!, Nam Kim?, Seung-Woo Lee?, and Liu-Yu Lin'

!Department Bio and Information Technology, Chungbuk National University, Korea
2Division of Information and Communication Eng., Chungbuk National University, Korea

Abstract— In this paper, we proposed a novel broadband printed monopole antenna for
PCS/IMT-2000/WLAN terminals by widening current flow. To compensate narrow bandwidth
characteristics which is one of disadvantages of general printed monopole antenna, we add the
patch of diamond shape and induce the current in various directions for acquiring broadband
characteristics. And frequency characteristics is optimized with various design parameters. The
bandwidth of the realized antenna is 1.66~3.04 GHz (58.72%) below the return loss of —10dB
which contain the required bandwidth of PCS/IMT-2000/WLAN band.
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Divided Two-arms Spiral Slot Antenna fed by Coplanar Waveguide
Using the Different Magnetic Phase Different

S. W. Park!, N. Kim', S. Y. Rhee?, and S. W. Lee!

LChungbuk National University, Korea
2Chonnam National University, Korea

Abstract— In this paper, we proposed a divided two-arms spiral slot antenna fed by coplanar
waveguide using the magnetic flow at slots. This antenna has characteristics of which one is to
short-circuit at the end of the slot and another is to turn spirals separately. To reduce the offset
of magnetic flow, two spiral slots are fed by 180° phase difference. Because we proposed a printed
two-arms spiral slot antenna without a balun circuit, antenna size become smaller substantially.
And frequency characteristics are optimized with various design parameters. The bandwidth of
the realized antenna is 2.7 GHz ~ 12 GHz below the return loss of —10dB.
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Design of Multi-Band Dual-Polarized Two-Port E-shape Microstrip
Antenna

A. M. El-Teger' and A. M. Abdin?

!Electronics Department, M. T. C., Cairo, Egypt
2Department of Communications and Electronics, Shorouk Academy, Cairo, Egypt

Abstract— With the increased development of wireless communications, compact, multi-
frequency and multi-polarization planar antennas become highly desirable. Such antennas would
greatly simplify the installation of multi-band systems and provide a much more aesthetic ap-
pearance. There are various techniques to achieve multi-band operation from various types of
microstrip antennas. In this paper, a novel compact size E-shape microstrip patch antenna is
designed, analyzed, and fabricated for multi-band dual-polarized wireless applications. It has
two ports excited with stripline feed mechanism.

The physical parameters of the novel structure as well as its partial ground plane are analyzed,
and optimized using the commercial electromagnetic simulation tool, IE3D by Zeland. Return
loss at both ports (S11, S22), voltage standing wave ratio (VSWR), isolation between both ports
(S21), and radiation pattern are carried out. Furthermore, polarization, gain and efficiency are
investigated to fulfill the requirements of the targeted communication system. In addition, these
results are compared to that obtained from the FEM-based software, HFSS by ANSOFT.

The optimized antenna is fabricated using photolithographic technique on RT/Duroid 6010 sub-
strate with (e, = 10.5 and h = 1.25 mm).

Measurements show that at 5 GHz: S1; = —17dB, Sos = —20dB, and Sy = —27dB with
impedance bandwidth of 20%. In addition, the antenna exhibits S1; = —26dB, S9s = —21dB,
and S3; = —12dB at 9.7 GHz with bandwidth of 8%, and S;; = —30dB, Ss = —21dB, and
So1 = —18dB at 20 GHz with bandwidth of 7%.

Measurements are in good agreement with simulated results, which validates the design strategy.
Therefore, the proposed antenna is very promising for various communication systems.
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A Circularly Polarized Dual-frequency Square Patch Antenna for
TT&C Satellite Applications

A. M. El-Tager', M. A. Eleiwa', and M. I. Salama?

IElectronics Department, M. T. C., Cairo, Egypt
2Egyptian Armed Forces, Cairo, Egypt

Abstract— In many applications, operation in two or more discrete bands with an arbitrary
separation of bands is desirable especially for telemetry, tracking and command (TT&C) anten-
nas for satellite aircrafts. On the other hand, to overcome the noise due to spinning of satellite
aircrafts, Circular polarization is required in order not to be affected by that rotation. In this pa-
per, a circularly polarized, dual-frequency square patch is designed with probe feeding mechanism
to operate as the TT&C antenna for satellite aircrafts. This antenna is optimized, fabricated
and measured to verify its operation and show its advantages over other published antennas for
this specific application.

An initial design is carried out based on theoretical equations. The patch is fed by a probe
at an optimized position and perturbed by a rectangular slot to achieve circular polarization.
Furthermore, a 3D EM model is created using HFSS which is based on finite element method.
In addition, two rectangular slots are added and optimized to obtain the required dual-frequency
of operation, namely 2.25 GHz and 3 GHz. Sensitivity analysis and several optimizations are
performed to obtain the optimum values of the antenna physical parameters.

The proposed antenna is fabricated using low loss Teflon microstrip substrate with €, = 2.2 and
1.6 mm height. Finally, the fabricated antenna is measured suing HP8510c VNA achieving S1;
of —24dB at 2.25 GHz and —21.5dB at 3 GHz. The measured impedance bandwidth is about
30 MHz at f; and 100 MHz at f5, which are sufficient for both uplink and downlink operation.
Measurements are in great agreement with simulations, which verifies the design procedure.
Therefore, the proposed structure is very promising in TT&C satellite applications.
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Design and Experiment of a Loop Rectenna for RFID Wireless

Power Transmission and Data Communication Applications

R. H. Chen, Y. C. Lee, and J. S. Sun
Graduate Institute of Computer and Communication Engineering
National Taipei University of Technology
Taipei, Taiwan

Abstract— This paper presents a low-cost rectifying antenna (rectenna) has been developed
and measured at 900-950 MHz (Radio Frequency Identification Device, RFID band) for low-
power applications involving wireless power transmission (WPT) and data communication. In
order to validate the rectenna, we have been developed a loop antenna which was photo-etched
from copper-clad FR-4 material (¢, = 4.4) with the volume of 60 x 80 x 0.8 mm?. The loop
antenna used a meander line structure to reduce its size to 50% of the regular loop antenna and
measured operating frequency of 925 MHz with bandwidth of 52 MHz at return loss —10dB. The
maximum antenna gain is 4.22 dBi and radiation efficiency is 97% at 925 MHz. Results show the
satisfactory agreement for the loop antenna design to meet the RFID specifications.

Furthermore, to contribute a rectenna for RF power conversion, the back side of the loop antenna
is the doubler rectifier circuit with input filter for efficiency optimization and rejects higher order
harmonics produced by the rectifying diode. For the Schottky diode we used the commercial
Agilent HSMS-285C surface mount zero bias schottky detector diode pair for small signal appli-
cations at frequencies below 1.5 GHz was used as the rectifying device, and there are two diodes
are mounted into a single package to be the best in reduce the size and the efficiency.

In addition, the rectenna has a RF-DC conversion efficiency of 47% is achieved when 0dBm RF
power is received at 925 MHz. Measured results of rectenna proved that the rectenna is suitable
for component of the WPT system.
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Design of a Compact Dual-Band Loop-Slot Antenna

R.-H. Chen, Y.-C. Lee, and J.-S. Sun
Graduate Institute of Computer and Communication Engineering
National Taipei University of Technology
Taipei, Taiwan

Abstract— This article presents a new compact antenna with loop-slotted structure to achieve
the dual-band operation. This loop-slotted structure on the printed antenna is presented, and
is measured the impedance bandwidth, radiation patterns, and gain requirements of the 2.4-
and 5-GHz wireless local area network (WLAN) applications. The investigated numerically and
experimentally results demonstrate that a tunable dual-operating band and an enhancement of
the antenna bandwidth are obtained owing to the proposed antenna with compact radiators.
The geometry and configuration of the printed antenna with loop-slotted structure is designed
and discussed. The compact design of proposed antenna has a loop-slotted structure and a
rectangular-shaped plane on the coplanar ground plane. The inner fed conductor and the outer
metal sheath of the coaxial line are connected to the feed point and the ground plane and both
with a distance of 1.5 mm between two points. The proposed antenna is printed on the FR4
substrate with thickness of 0.8 mm, dielectric constant of 4.3, and loss tangent of 0.0245 and
has a compact dimension of 32 x 22.5mm? in this study. The measured return loss of operation
bandwidth portion has a 270 MHz within 2.39-2.66 GHz at the lower resonance mode. The upper
resonance mode of 1350 MHz within 4.5-5.85 GHz is resulted. The maximum measured gain at
all radiation planes is obtained a 4.98 dBi at the 2.5 GHz within the lower operating frequency
band and from 5.16dBi to 1.86dBi within 5-6 GHz at the upper operating frequency band,
respectively.



Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009

227

Power Feeding to RFID Tags Within Specific Distance and
Transponder Control Signal

Kengo Ueyama, Akitoshi Ito, Yukio Iida, and Noriaki Muranaka
FSC, and Dept. of Electric and Electronic Eng., Faculty of Engineering Science
Kansai University, Japan

Abstract— We are proposing the method of supplying driving power of the RFID tag con-
taining transponder control signal by the electromagnetic field besides the communication signal.
From this viewpoint, we are also proposing power supplying method to RF tags within specific
distance using two antennas. In the method, we use two properties: (1) The intensity of the
electromagnetic field from two loop antennas sharply decreases depending on the distance, and
(2) the supplied-signal phase difference sharply changes at a position 1/(27) of the wavelength.
In this paper, we demonstrate the power feeding method within specific distance experimentally.
We used transmitting resonance-type antennas composed of capacitor of 1 pF and the five turns
coil of 30 cm in diameter, and receiving antennas composed of variable capacitor from 10 pF to
120 pF and the card-type coil with five turns. The amplitude is 10V at the transmitting side,
and the resonance-frequency is about 17.6 MHz. Under this condition, we were able to drive
an IC-encoder-chip of 2V and 0.3 mA within the distance up to 70 cm. Next, we proposed the
ball-type antenna to induce only magnetic fields mainly.
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Coupling of Transmitting/Receiving Antennas and Super
Regenerative Transponder (SRGT) for RFID Tags

Akitoshi Ito, Kengo Ueyama, and Yukio lida
FSC, Department of Electric and Electronic Eng., Faculty of Engineering Science
Kansai University, Japan

Abstract— Recently, RFID technology to discriminate individuals with radio wave has fast
been noticed and studied at full length in many fields. RFID has a great many possible applica-
tions. However, it is worried whether demands necessary hereafter can be satisfied or not because
frequency bands allotted for RFID are not so broad. Thus we are considering utilization of faint
radio wave. For, very broad frequency band can be used as well as its use requires no license.

Very many applications of RFID are possible. It seems impossible to prepare for future demands
only with frequency bands that have been allotted for RFID. Accordingly, faint radio wave that
requires no license is actively utilized though its definition will differ by country, too. As it can
use a very broad frequency band, a large demand can be accommodated. In a common sense, it
may be considered that reading probability from the tag must be near 100%. Sufficient role can
be played even though reading probability is 70% or 50%. In the case of stray pet, for instance, it
is considered that finding probability can get fairly higher than with past methods by installing
sensors from place to place. Application range becomes very broad when including such ways of
use.

Thus we are proposing utilization of faint radio wave and SRGT (super regenerative transpon-
der) for demand expansion RFID system. In this paper, we study the circuit coupling the trans-
mitting/receiving antennas with SRGT circuit. Receiver sensitivity and transmitting electro-
magnetic field strength are clarified.
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Calculation of Electromagnetic Wave Attenuation Due to Rain for
Various Percentages of Time

M. Zilinskas'?, M. Tamosiunaite??,

S. Tamosiunas?3, and M. Tamosiuniene*

!Department of Radio Communication
Communications Regulatory Authority of the Republic of Lithuania
Algirdo 27, Vilnius LT-03219, Lithuania
2Faculty of Physics, Vilnius University, Sauletekio 9, Vilnius LT-10222, Lithuania
3Institute of Materials Science and Applied Research, Vilnius University
Sauletekio 9, Vilnius LT-10222, Lithuania
4Semiconductor Physics Institute, A. Gostauto 11, Vilnius LT-01108, Lithuania

Abstract— The electromagnetic waves attenuation due to its interaction with raindrops (rain
attenuation) as a function of the rain rate has been analyzed at frequencies of 10 GHz and above.
By using the rainfall amounts data, measured in Lithuanian weather stations, the values of rain
rates for different percentages of time have been determined. The rain rate-values, obtained
in Seacoast, were compared with ones in Continental Regions of Lithuania. In most cases, the
integration time was ten minutes in measurements of rainfall amounts. The one-minute rain
rate-values were determined according to the known model. Using measured rainfall data the
relationship between rain rate and percentages of time was derived. This relationship is suitable
for use under Lithuanian climate conditions.

It was obtained, that the average ratio between the R-values for 0.01% and 0.001% of time in
Vilnius is equal 2.17. The suitability of the model, which was proposed in previous papers, was
proven using the measured rainfall amounts data of longer period. It was concluded, that this
model might be used for calculation of the Ry g1%-value under Lithuanian climate conditions in
cases, when only monthly rainfall amount data is available, and the rainfall data, measured with
short integration time, is unavailable. Analysis of measured rainfall data shows that E-Zone rain
rate-values proposed by ITU-R (International Telecommunication Union-Radio Communication
Sector) coincide with one-hour rain rate values and are much lower than one obtained by using
one-minute rainfall amounts data. It was concluded, that ITU-R rain rate-values must be re-
calculated into one-minute rain rate-values before being used in calculation of rain attenuation
under Lithuanian climate conditions. The specific rain attenuation was determined by using the
rain rate-value obtained here.
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A 2.4 GHz Low Phase Noise Voltage Controlled Oscillator

R. M. Weng and J. Y. Lin

Department of Electrical Engineering, National Dong Hwa University, Taiwan, R.O.C.

Abstract— Voltage-controlled oscillators (VCOs) are important parts of wireless communica-
tion systems, especially in frequency synthesizers and PLLs. VCO is widely used to generate the
local oscillation (LO) carrier frequency for both up-conversion and down-conversion mixing of
the input baseband and RF signals.

As a local oscillator in the transceiver, phase noise of VCO is one of the most important param-
eters for the quality and reliability. Phase noise in the oscillator can be determined by the VCO
gain (Kyeo). A large VCO gain will amplify the noise coupling to the control node and hence
degrade the phase noise performance. It also makes VCO very susceptible to noise, because of
AM to FM conversion. A VCO with a small K., is desirable because of its less susceptibility to
noise. But when it suffers from process and temperature variations, small K., may cause VCO
oscillation frequency drift corresponding to the desired frequency. There is trade-off between
tuning range and phase noise in optimization of VCO performance. The tail current source is
one of the major contributor to the phase noise of VCO. Besides, traditional biasing circuit needs
an extra biasing voltage, which increase the power consumption and also introduces noise to the

VCO.

In this paper, switched biasing transistors are used to force a trap and release its capture electrons,
rendering the transistors to be memory-less. Since all the transistors are switched biasing, it is
expected to have lower flicker noise.

The proposed extra coupling capacitor helps to decrease the K., thus VCO with low phase noise
can be achieved. The phase noise analysis of VCO are described in this paper. Simulation results
and performance comparison show that the proposed VCO has superior phase noise performance.

The fully integrated VCO is fabricated in tsmc 0.18 pum 1P6M CMOS technology. With the
memory reduction tail current source and the proposed coupling capacitor, the proposed VCO
achieves the phase noise as low as —126.1 dBc¢/Hz at 1 MHz offset from 2.4 GHz carrier frequency.
The output oscillation frequency can be tuned from 2.25 GHz to 2.58 GHz with 14% tuning range.
A superior Figure-of-Merit (FOM) value at 2.4 GHz is around —188.8dBc/Hz at 1 MHz offset.
The proposed low phase noise VCO is suitable for 2.4 ~2.4835 GHz ISM band of the Bluetooth
standard with only 3.1 mW power consumption.
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Novel Super Regenerative Transponder (SRGT) for RFID Tags and
ASK signals

Yukio Iida
FSC, and Dept. of Electric and Electronic Eng., Faculty of Engineering Science
Kansai University, Japan

Abstract— Recently, RFID technology to discriminate individuals with radio wave has fast
been noticed and studied at full length in many fields. RFID has a great many possible applica-
tions. However, it is worried whether demands necessary hereafter can be satisfied or not because
frequency bands allotted for RFID are not so broad. Thus we are considering utilization of faint
radio wave. For, very broad frequency band can be used as well as its use requires no license.

Very many applications of RFID are possible. It seems impossible to prepare for future demands
only with frequency bands that have been allotted for RFID. Accordingly, faint radio wave that
requires no license is actively utilized though its definition will differ by country, too. As it can
use a very broad frequency band, a large demand can be accommodated. In a common sense, it
may be considered that reading probability from the tag must be near 100%. Sufficient role can
be played even though reading probability is 70% or 50%. In the case of stray pet, for instance, it
is considered that finding probability can get fairly higher than with past methods by installing
sensors from place to place. Application range becomes very broad when including such ways of
use.

Thus we are proposing utilization of faint radio wave and SRGT (super regenerative transponder)
for demand expansion RFID system. In this paper, we study the SRGT circuit that transmits
and receives the digital signals.
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A Low Cost 1 Watt Doherty Power Amplifier for WLAN and

WiMAX Applications

Shilei Jin, Jianyi Zhou, Lei Zhang, and Wei Hong
State Key Lab. of Millimeter Waves, School of Information Science and Engineering
Southeast University, Nanjing 210096, China

Abstract— Because of the high peak-to-average power ratio (PAPR) signals in the WLAN
and WiMAX transceivers, the linearity of the transmitter becomes one of the most key factors
in the system design. In fact, as the power amplifier operates close to the saturation region
where both high efficiency and high output power are achieved, the degradation in linearity
becomes significant. Consequently PA must operate at a large amount of back-off from the peak
output power, thus efficiency is rather poor. Many kinds of power amplification architectures are
being considered to improve the power efficiency and linearity. However these architectures are
complicated with high lost and high cost.

This paper presents the design and implementation of a low-cost 1-Watt Doherty Amplifier,
working at 2.4 GHz, with high efficiency and simple circuit for WLAN and WiMAX applications.
Two 1-Watt Heterostructure FETs with SOT-89 surface-mount package are adopted as the final
stage of the carrier amplifier and the peak amplifier. The proposed Doherty amplifier has the
characteristic of both high power added efficiency (PAE) and acceptable linearity. The research
on the performance of the Doherty amplifier focuses on different bias voltage of peak amplifier.
Through changing bias voltage the best operation point of the peak amplifier is selected to
achieve the superior performance. Additionally by adjusting the off-set line the phase difference
of carrier cell and peak cell is about 180 degree. So the intermodulation distortion is reduced by
harmonic cancellation mechanism and therefore linearity and efficiency of the proposed Doherty
amplifier are improved without any linearity enhancement techniques. The sweet point of the
developed Doherty amplifier is about 3.5 dB back-off from the saturated power. According to
the experimental results, the output P1dB power is about 33.5dBm. When the output power is
30 dBm, the tested PAE is about 31.5% and the IMD3 is about —34 dBec.
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Planar Antennas for UMPC Integration

Cheng-Hung Lin!, Guan-Yu Chen?, Jwo-Shiun Sun?,
Kwong-Kau Tiong!, Yu-Hsiang Chen!, Tsan-Hsuan Peng', and Y. D. Chen?

!Department of Electrical Engineering, National Taiwan Ocean University, Taiwan
2Department of Electronic Engineering, National Taipei University of Technology, Taiwan
3 Antenna and EMC Laboratory, HTC Corporation, Taiwan

Abstract— This UMPC will co-integration and co-design of the antennas (Fig. 1) for 2.5G/3G
cellular, WLAN, BT, and GPS applications of 3G mobile handset, respectively. This 2.5G/3G
antenna shows a wide operating bandwidth for low band and high band bandwidth, making it
easy to cover the GSM, EDGE, CDMA, CDMA 2000, W-CDMA and UMTS band for wire-
less communication and dual mode operation of a mobile handset phone. Embedded Wi-Fi
(2.4-2.5GHz) and BT antenna in mobile handset for VoIP/IPTV and wireless connection. The
resonance mode of a small PIFA antenna covers the GPS communication bandwidth of 1571.42—
1579.42 MHz. The patch tuning expansion are introduced to confine the resonance mode region
and to facilitate the frequency modes and impedance match expansion easily for antenna and
wireless system integration design.

i i Li=30mm WI=tBmm  Lg=smm
W5 Wa Si-gSmm  we=2Emm  LS=10mm Ultra-Mobile PC (UMPC)

Sd=2mm
L2=33mm L&=37mm  L4=46mm

s2=12mm Le=Gmm L10=31mm
L3=38mm L7=18mm  (11=13mm
S3=5mm W3=8mm

Wie=Smm

wiE=2mm ‘

Figure 1: The proposed antennas structure for UMPC application and integration.
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WLAN and Bluetooth Antenna Design

Kekun Chang', Guan-Yu Chen'!, Jwo-Shiun Sun'!, and Y. D. Chen?

!Department of Electronic Engineering, National Taipei University of Technology, Taiwan
2 Antenna and EMC Laboratory, HTC Corporation, Taiwan

Abstract— A high performance monopole antenna fabricated using a folded planar line as
radiator is presented. A prototype of the proposed monopole antenna with a compact area
size of 20mm x 8 mm is implemented, and the multi-band WLAN/Bluetooth antenna shows
a wide operating bandwidth of about 200 MHz and 1000 MHz for low band and high band,
bandwidth, making it easy to cover the IEEE 802.11a, IEEE 802.11b, IEEE 802.11g and IEEE
802.11n (MIMO) bands for wireless communication and future 4G wireless operation of a mobile
VoIP/VoWLAN handset phone. An internal small antenna usually suffers from degradation in
performance of narrow bandwidth and radiation efficiency. In this experiment, we design and
fabricate a dual broadband interior type wire and shorting monopole with a high performance
radiation pattern over a design operation band using dual path, as shown in Fig. 1. It has a
measured return loss bandwidth (referenced —10dB) about 200 MHz with center frequency at
2.45 GHz (2.35-2.55 GHz) and 600 MHz with center frequency at 5.7 GHz (5.4-6 GHz), as shown

in Table 1.
20mm
o o
+ -
> 2mm i 3mm
: ¥
Brmm i L 1
1
Shorting Feed
Figure 1: Dual-band shorting monopole antenna.
Table 1: Measured gain data.
Frequency (MHz) | 2400 | 2450 | 2500 | 5400 | 5600 | 6000
Gain (dBi) 2.3 2.1 2.5 3.1 3.2 4.2
REFERENCES
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UMTS and DVB-H Antenna Co-integration

Kekun Chang', Guan-Yu Chen'!, Jwo-Shiun Sun'!, and Y. D. Chen?
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Abstract— In mobile TV technology, 3G UMTS and DVB-H antenna co-design for PDA phone
in future. We have proposed a novel digital video broadcast for handheld (DVB-H) antenna for
mobile handheld terminal using a meander monopole radiator and a simple matching circuit.
The antenna impedance covers the DVB-H frequency band of 1400-1800 MHz. The proposed
antenna was designed, fabricated, and measured. And the proposed 3G antenna covers the entire
UMTS/WCDMA (1900-2200 MHz) band for VSWR < 2. The simulated antenna gain varies
from 1 to 3dBi over the operating frequency range. The obtained radiation patterns are very
close to those of a conventional omni-directional antenna. Details of the proposed antenna design
and the simulated and measured results are presented and discussed.

Graph 1

— DB(IS[1,1])
DVB-H

— DB(S[1,111)
UMTS

— DB(S[2,11))
S21

0.5 1.5 25 3.5 4
Frequency (GHz)

Figure 1: The proposed antenna and measured data.
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Design of Trapezoidal Ring Antenna Using Conductor-backed CPW
Structure

S. W. Lee!, N. Kim!, S. W. Park!, S. K. Jeon!, and S. Y. Rhee?

!Chungbuk National University, South Korea
2Chonnam National University, South Korea

Abstract— In this paper, we design and fabricate the trapezoidal ring antenna using the
conductor-backed CPW. The antenna has a broadband characteristic by the coupling effects
through inserted H-shaped parasitic patch. The conductor-backed CPW shows more stable char-
acteristics than the CPW structure when there is occurred the variation between the feed-line and
the ground plane in the front side. The bandwidth of the designed antenna is 2.2 GHz~4.6 GHz
below —10dB.
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Design and Implementation of a Smart Antenna Using Butler
Matrix for ISM-band

A. M. El-Tager and M. A. Eleiwa
Electronics Department, M. T. C.; Cairo, Egypt

Abstract— Recently, switched beam smart antenna systems are investigated to improve the
performance of wireless networks. The aim of this paper is to design and implement a smart
antenna system using microstrip antenna array with beamforming network in the ISM-band at
2.45 GHz.

Four rectangular radiating patches on a low dielectric constant substrate (¢, = 2.2) are designed
in linear configuration to achieve required radiation properties. The antenna array is initially de-
signed using PCAAD, then simulated and optimized using 3D EM modeling commercial software
(HFSS).

Furthermore, a beamforming network using 4 x 4 Butler matrix technique is designed, analyzed,
optimized and implemented using single layer microstrip substrate. The design methodology
is verified by fabricating the main components in the network such as quadrature hybrid and
crossover couplers. Measurements of both give excellent agreement with simulations. In addition,
the 0.6 dB insertion loss and 38 dB isolation obtained from the crossover coupler are found to be
better than that of published literature.

In order to verify the performance of the implemented Butler network, the linear antenna array
of is attached to it in the same substrate and the whole smart antenna system is simulated. The
resultant 2-D Polar Far Field patterns for uniform excitation are carried out and found to be
matched with expected ones. This validates the performance of the implemented smart antenna
network and shows that it is possible to implement a 4 x 4 Butler matrix with satisfactory antenna
pattern.

A brief summery of the simulated and experimentally observed results is presented below:

1. The antenna array was observed to be operating at a center frequency of 2.46 GHz with an
impedance bandwidth of 8%. These values are very close to the desired design frequency of
2.45 GHz and impedance bandwidth of 10%.

2. The array antenna gain of 13dB was observed, whereas the designed antenna was required

to have gain of 15dB.

For the designed antenna array, the half power beam-width of 28° was observed.

Smart antenna efficiency and directivity are improved and found to be better than other

smart antennas in literature. While obtaining smaller size than others; actually 21.3 mm X

18.6 mm.

5. The side lobe level was optimized to be —24dB which is better than what is found in
corresponding published literature.

=
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The Current Status of Automotive Electromagnetic Compatibility
Research

Yi Sun and Chaoqun Jiao
Department of Electrical Engineering, Beijing Jiaotong University, China

Abstract— With the growing development of automobile market and increasing electronic and
electrical appliances in vehicle, automotive EMC (electromagnetic compatibility) study has be-
come a new hot spot of research. Automotive EMC, which comes into being in recent years as
the automobile technical term, is still unfamiliar to many people, but it relates to the particular
electronic systems, the surrounding electric and electronic system of auto, up to the security
and stability of the whole car system. In this paper, through collection and analysis of related
literature, technical information and research reports, it detailed described the current auto-
motive EMC research from these three aspects: the electromagnetic environment of the auto,
international organizations and standards for automotive EMC, experiment testing technologies.
Furthermore, it pointed out the long-term developing trend of automotive EMC research and
analyzed its influence on the development of related study in China.

Introduction: With the rapid development of the auto industry and the electronic technology,
more and more new technology in modern cars has been widely used, especially microelectronics
technology, more effectively promoted the auto industry to the high value-added direction [2—4].
However, these new technologies also put forward higher requirements for the reliability of the
entire vehicle system, that is, all electronic devices and electronic control systems must adapt
to each other, automotive electronics applications will be related to a common problem — the
automotive EMC [5-12].

In recent years, an increasing number of electronic products are widely used in automobiles,
and gradually formed the automotive electronics. The car has also gradually transferred from
the traditional mechanical control system into the electronic control system [7-11]. Automotive
EMC, which come into being in recent years as the automobile technical term, is still unfamiliar
to many people, so it is necessary to carry out a summary to introduce and expatiate on it.

Automotive Electromagnetic Compatibility Representation: Automotive EMC, is to
ensure the car is running, the car’s electrical and electronic equipments do not affect each other,
which can compatibly work [1].

This paper collected and analyzed a large amount of related literature, technical information
and research reports. For unceasing changes of driving environment of the car, the electromag-
netic energy constitution in the work environment of the automotive electronics equipment would
be very complex and changeable [6-9]. The article divides the vehicle electromagnetic environ-
ment into three: the inner electromagnetic interference, the body static interference, the outer
electromagnetic interference. And they will be separately described in detail in the full paper.
International organizations and standards for automotive EMC, experiment testing technologies,
and the current automotive EMC research will also be specific introduced in this paper [3-8]. At
Last, it pointed out the long-term developing trend of automotive EMC research and analyzes
its influence on the development of related study in China. The detailed introduction will be
expounded in the full paper.

Conclusion: The current EMC study can not provide engineering to effectively solve the prob-
lems of automotive EMC, yet to be further developed [1]. The new issues, which would emerge
along with the development of automobile technology, also need to be discovered and solved.
Furthermore, the present domestic automotive EMC research, including standard regulations,
testing technology, design forecast and so on, have a wide gap comparing with other automotive
developed countries [2]. It believes that with the related standard regulations constantly improv-
ing, the domestic automotive EMC will become a research hot spot, and the study will also carry
to a new and higher level.
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Transient High-energy Surge Protection Circuits for RF
Transceivers

Liann-Be Chang, Shen-Yio Liao, and Ming-Jer Jeng
Department of Electronic Engineering, Chang Gung University, Taoyuan, Taiwan

Abstract— Electronic equipment is susceptible to the transient high-energy surge damage.
How to protection these high-energy surges for electronic system is an important issue especially
for the outdoor communication system. In this work, we proposed three different transmission
band protection circuits to prevent surge damage to high frequency transceiver system. One is
for the transmission frequency below 30 MHz, another is for the frequency below 100 MHz and
the other is for the frequency range between 1 GHz and 2 GHz. The design ideas are based
on the cascaded configurations (Two stages), which are paralleling the gas tube with solid-state
protector (Metal oxide varistor and transient voltage suppressor). When high-energy surge enters
to the protection circuit, the second stage of solid-state protector will conduct the initial surge to
ground first and then build up the voltage at a voltage drop resistor, which is inserted between gas
tube and solid-state protector. Next, the first stage gas tube conducts the main surge to ground
when the voltage rises to a level to activate the first stage gas tube. It is noted that a voltage
drop resistor has to be inserted to benefit the gas tube having enough time to be activated and to
lead the main surge to ground. But, the resistor value will significantly affect circuit performance
at high frequency. Impedance match is also a design issue for the front and back ends. Two types
of transient high-energy surges were tested: one has the rise time of 1.2 50 us and the other has
the rise time of 1ns. The maximum surge voltage is about 12 KV. It is found that our proposed
circuits can effectively suppress the transient high-energy surges to a low value that is acceptable
to a transceiver system.
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Built-In-Self-Test (BIST) Circuitry for LVDS-type off-chip

Transmission with Speed up to 640 Mb/s
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Abstract— This paper proposed the design and implementation of novel Built-In-Self Test
Circuitry for LVDS-type off-chip transmission with speed up to 640 Mb/s. While the on-chip
transmission rate can be easily optimized to the desired performance by careful circuit-level
simulation, the inevitable off-chip transmission performance degradation due to Electromagnetic
Interference (EMI) and signal crosstalk should be carefully justified to guarantee transmission
signal integrity especially for high bit date rate applications. We proposed novel Built-In-Self-
Test (BIST) circuitry embedded with the high speed output driver such as LVDS output buffer.
The proposed novel circuitry posses much less smaller chip area compared with driver circuitry.
The Built-In-Self-Test (BIST) circuitry can detect the off-chip transmitted signals through a
hysteresis tunable detector and the output result of this detector then fed into a frequency divider
to make the judgment for successful transmission. Therefore, the most important parts of signal
transmission, signal amplitude and transmission frequency (data rate) have been completely
examined. The proposed novel BIST circuitry for high data rate off-chip transmission posses
the advantages of less chip area consumption, good system integration, can be used to monitor
signal integrity when transmission rate up to 640 Mb/s, can be served as off-chip output driver
performance judgment especially for chip mass-production. The circuits were implemented in a

3.3v 0.35 pm CMOS process.
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A Novel Electromagnetic Bandgap (EBG) Structure for
Electromagnetic Compatibility (EMC) Application

Cheng-Chi Yu, Meng-Hsiang Haung, Yao-Tien Chang,
Luen-Kang Lin, and Tsung-Han Weng
Department of Communications Engineering, Feng-Chia University, Taichung, Taiwan

Abstract— The EMC issues become possible critical problems for high speed, large scale or
complex systems consisting of a number of devices such as PCs, servers or automotive application,
which cause significant time delay or extra developmental cost.

A novel electromagnetic bandgap (EBG) cell is proposed in this paper. It can be easily fabricated
on standard PCB material and can be used where space is at a premium. This EBG unit cell
consists of three elements: a square patch, slots and via. A 6 x 6 EBG array is built on a 0.8 mm
thick FR4 substrate with relative permittivity of 4.4. The cells of EBG structures were placed
between ground plane and transmission lines. They were designed and developed to provide two
stop bands at 2.8 GHz ~ 3.2 GHz and 4.3 GHz ~ 4.8 GHz. By properly arranging the unit cell
dimension and location, the mutual coupling between transmission lines in multi-layers structure
can be reduced. Several cases of different layout skill have been studied in this paper. The results
demonstrate that the mutual coupling between signal lines are effectively suppressed when the
EBG structures are properly designed. They are suitable for EMC application.
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Antenna Effect Analysis of Laptop Platform Noise on WLAN
Performance

Han-Nien Lin, Ching-Hsien Lin, Tai-Jung Cheng, and Min-Chih Liao
Department of Communications Engineering, Feng-Chia University
100 Wen-Hua Rd., Taichung 40724, Taiwan, R.O.C.

Abstract— Due to increasingly high integration of multi-radios and high-speed digital system
nowadays, serious platform noise is generated by ever higher speed digital clocking and signaling
technologies. There are many sources of interference, such as EMI spectrum from CPU, LCD, and
memory, which may be in the form of radiation or conduction emission and thus affect the quality
of signal perceived at the transceiver. While encroaching into the wireless communication band,
those noises could result in a significant degradation to the throughput performance of wireless
communications. It is very important to analyze the proximity effect on antenna performance
due to different locations and types of antenna. An antenna was used to measure the noise
floor of RF systems and examine its performance for different locations on a laptop. The laptop
tested and analyzed in this paper has the following modules: CPU (Intel(R) T9400:2.53 GHz)
and built-in 802.11a/b/g WLAN module. The measurement result demonstrates the impact of
LCD noise on throughput for 802.11g. We also found the sensitivity of the receiver decreases
(throughput decreases) as the LCD interference was injected to the communication link between
the AP and NIC card. Furthermore, we will also use the different type of antennas for 2.4G band
to compare the communication performance, such as antenna efficiency, the radiation pattern,
noise floor, for different locations. We will then show the increasing throughput of system by
optimizing the design of antenna.
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Application of EBG Structure to Suppress Digital Noise in the

Integrated Module of 2.4 GHz CPW-fed Antenna and PCB

Han-Nien Lin, Tai-Jung Cheng, Ching-Hsien Lin, and Jhih-Min Liao
Department of Communications Engineering, Feng-Chia University
100 Wen-Hua Rd., Taichung 40724, Taiwan, R.O.C.

Abstract— The periodic EBG structure was intensively investigated and applied for noise
isolation /suppression in PCBs recently. This paper will present a novel electromagnetic band-
gap (EBG) structure on an integrated module with CPW-fed antenna and digital PCB. The
proposed structure is to prevent the noise from digital area to degrade the RF signal quality at
antenna input. When the 2.4 GHz band CPW-fed antenna and digital transmission line both
share the same ground plane for economic purpose, the broadband digital noise may couple
to antenna via the ground plane. Since the ground-bounce noise and power integrity problem
occur due to simultaneous switching from the high-speed digital devices, we will utilize the EBG
structure on the ground plane of integrated module of 2.4 GHz CPW-fed antenna with digital
trace to reduce the noise coupling by suppressing harmonic noise. There are two different kind of
EBG structures, one with defected ground structure (DGS) and the other with periodic sandwich
layer between microstrip transmission line and ground plane. The advantage of DGS is that it
doesn’t need to waste additional single layer to implement the EBG structure, but it will suffer
the significant signal integrity and EMI problem from splitting the ground plane. However, design
of the sandwich layer EBG structure will bring great challenge to system engineers, because it
may result in serious problems associated with signal integrity and S/N degradation. We will
compare the level of digital noise coupled to antenna and show the noise suppression capability
of integrated module for the cases with and without EBG structure.
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Optimized ARC Filters Using Goal-lossy GIC

J. Sedlacek, Z. Szabéd, and R. Kadlec
Brno University of Technology, Czech Republic

Abstract— The ARC filters based on RLC ladder prototypes realized using non-cascade filter
synthesis method exhibit some advantages- namely low sensitivities. On the other hand there are
disadvantages which are coupled with ARC simulation of required ideal inductors of LC ladder
prototypes what brings higher sensitivities to real parasitic properties of ARC simulation. Usage
of new principle of goal-directed losssy RLC ladder prototypes enables to design ARC realizations
with optimized parameters and minimized influence of real active elements. In paper here are
new possibilities of ARC filter optimization in some practical examples presented.
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Investigation into New Type Piezomagnetic Materials and
Acoustical Transducers Exhibiting Piezoelectricity and
Piezomagnetic Effect

Quanlu Li', Yuan Li2, and Zhaohui Huang?

nstitute of Applied Acoustics, School of Physics and Information Technology
Shaanxi Normal University, Xi’an 710062, China
2Department of Prevention Medicine, Fourth Military Medical University
17, Changlexi Street, Xi’an 710033, China

Abstract— The design, preparation, etc of newly multipurpose ferrites (i.e., a magnetoelectric
ceramic materials) Bag_,Ro, (Nbj_, Feay, )Os, etc, which it exhibiting the piezoelectricity
and the piezomagnetic effect (i.e., the ferrite is a multifunctional electroceramic) have been
studied. The functional integrated devices including, with the magnetoelectric ceramic materials
be made of a had piezoelectric vibration (electro-strctive type thickness extension vibration)
and piezomagnetic vibration (magnetostriction type longitudinal extension vibration) both in
the same vibrator (i.e., a functional integrated device of having two functions) which that is a
composite acoustic transducer, and their applications have been investigated in acoustics etc, as
may be noted.
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Modal Analysis of an Antenna Feed System for a Multimode
Monopulse Radar

A. M. El-Tager
Electronic Engineering Department, M. T. C., Kobry Elkoba, Cairo, Egypt

Abstract— Monopulse technique is commonly used in modern radars and communication
systems for tracking targets or communicating partners because of its high angular accuracy.
The aim of monopulse radar is to generate the signals required for F and H plane error channels
(azimuth, and elevation).

A modal analysis for a multimode monopulse feed system is presented. Simulations for the
complete system are performed. Measurements for different target positions in the 9-10 GHz
frequency range are carried out to verify the modal analysis and the simulation results.

A dielectric loaded E-plane rectangular waveguide horn. The horn is dielectric loaded in order to
allow the propagation of the desired higher order modes [TEg;, TE1g, TE2y, TM;1, and TEq4].
The horn is extended by a non standard waveguide allowing the propagation of the mentioned
modes.

When the incident wave-front is on the antenna axis, the source is symmetrically excited, i.e., the
distribution of the field on the horn aperture is even. Therefore, only TE;g mode is transmitted
by the horn.

If the incident wave-front is offset in plane H of the horn, the diffraction pattern moves along
X-axis of the horn aperture (Azimuth). The excitation becomes asymmetrical, such that higher
order modes will propagate. The filtering action of the horn propagates only modes TE;y and
TEqp.

Finally, if the incident wave-front is offset in plane E of the horn aperture, the diffraction pattern
moves along the Y-axis of the horn aperture (Elevation). This asymmetric excitation produces
modes rI‘ElO7 TMll, and TE11.

3D EM models are built using HFSS to obtain complete modal analysis. The analysis results
verify the studied principle of operation.

To carry out the measurements the system is mounted and a transmitting horn antenna is used
acting as a target. The transmitting horn is placed at different positions the output from each
channel is measured with the other two ports matched. The channels output are measured at 5
positions (bore sight, 420° elevation, —20° elevation, +20° azimuth, and —20° azimuth).

Measurements showed excellent agreement with the analytical and simulation results.
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Calculation of Electromagnetic Wave Logging Response by Using
the Numerical Mode Matching Method

Yuan Zhao, Yueqin Dun, and Jiansheng Yuan
State Key Lab of Power Systems, Department of Electrical Engineering
Tsinghua University, Beijing 100084, China

Abstract— The Numerical Mode Matching (NMM) method as an efficient half-numerical and
half-analytical algorithm has been successfully applied in the simulation of electromagnetic fields
with multi-layer structure domains for both high and low frequency applications. The efficiency
of the NMM method is based on the idea that a higher dimensional problem can be reduced to a
series of lower dimensional problems. In this paper, the response of the Logging While Drilling
(LWD) problem with multiple-layer structure soil is simulated by using the NMM method.

The simulated drill collar consists of one or two transmitting coils and two receivers. The trans-
mitters operate at a frequency of 1 MHz. The two receivers can be used to cancel the direct
coupling effect by taking the ratio of two receiver signals. This device can be applied to detect
physical property parameters of the soil or medium surrounding the borehole, including the con-
ductivity and the relative permittivity. According to the simulation results, the phase difference
of signals received by the two receivers, but not the difference of the signal amplitude, is reflected
by the parameters observably.

In the numerical simulation, a model of LWD problem including drill collar is adopted. The
drill collar is considered as specific layers of the earth to simplify the simulation. The concerning
algorithms for the complex number eigenvalue solution and the approaches for interface condition
treatment will be introduced in the full paper. The software based on the NMM method has been
developed, and verified by the finite element method software. The numerical experiments show
that the NMM method is more efficient and accurate than other traditional numerical methods.
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Analysis of Ridge Waveguide with Claddings of Metamaterials with
Zero Index of Refraction

Wanzhao Cui', Jia Chen?, Tiancun Hu'!, Hongtai Zhang', and Enrang Zheng?

I'National Key Laboratory of Space Microwave Technology
Xi’an Institute of Space Radio Technology, Xi’an, Shannxi 710100, China
2Shannxi University of Science & Technology, Xi’an, Shannxi 710021, China

Abstract— In this paper, based on peculiar electromagnetic characteristics of metamateri-
als, peculiar properties of ridge waveguide with claddings of metamaterials with zero index of
refraction are analyzed. These results provide some interested insights for potential applications.
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A Simple Method to Measure the Unloaded Q of a
Transmission-type Resonator

Tiancun Hu and Wanzhao Cui
National Key Laboratory of Space Microwave Technology
Xi’an Institute of Space Radio Technology, Xi’an 710100, China

Abstract— A simple method to quickly obtain the unloaded Q of a transmission resonator
is presented. Input and output coupling coefficients can be directly obtained by measuring the
transmission and reflection coefficient using a network analyzer.
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Symmetric Unit Cell Models for Composite Right/Left-handed
Transmission Lines (CRLH-TL) Metamaterials

Jia Chen', Enrang Zheng', and Wanzhao Cui?

IShaanxi University of Science & Technology, Xi’an 710021, China
2National Key Laboratory of Space Microwave Technology
Xi’an Institute of Space Radio Technology, Xi’an 710100, China

Abstract— Based on the homogeneous composite right/left-handed transmissions lines (CRLH-
TL) equivalent circuit model, an symmetric unit cell model for CRLH-TL metamaterials having
left-handedness (LH), right-handedness (RH) at different frequencies presented. The CRLH TL
unit model is a meta-structured TL composed of a series capacitance and a shunt inductance as
well as a series inductance and a shunt capacitance. The series capacitance and the shunt induc-
tance provide the LH nature at lower frequencies, whereas the series inductance and the shunt
capacitance provide the RH nature at higher frequencies, an unique characteristic of CRLH-TL.
We can obtain |S21| = 1 at a desired center frequency and also make a desired phase shift over a
unit cell possible. The unit cell model for CRLH-TL is analyzed using S-parameter formulations
resulting in some useful closed-form expressions for design purposes. These results provide some
useful references in facilitating the design of CRLH-TL.
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Analysis and Simulation of Superresolution Image Restoration

Yi Zhang, Quan Zhou, Minqi Li, and Wanzhao Cui
National Key Laboratory of Space Microwave Technology
Xi’an Institute of Space Radio Technology, Xi’an 710100, China

Abstract— Superresolution image restoration reconstructs a frame of high-resolution (HR)
image from low-resolution (LR) images. The resolution of the improved image is higher than any
of the LR’s. This kind of technique provides a novel method for obtaining HR image and reduces
the cost, so it becomes one of the hotspots in the field of image processing, and has been widely
used in the area of military affairs, weather, medicine and etc. Several aspects of superresolution
restoration have been analyzed, and a frame of superresolution image has been reconstructed
using a group of LR images in this paper.
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THz Rectangular Microstrip Patch Antenna on Multilayered
Substrate for Advance Wireless Communication Systems

Aditi Sharma', Vivek K. Dwivedi?, and G. Singh!

!Department of Electronics and Communication Engineering
Jaypee University of Information Technology, Solan 173 215, India
2Department of Electronics and Communication Engineering
Jaypee Institute of Information Technology University, Noida 201724, India

Abstract— There are many advantages associated with increasing the operating frequency for
majority of already well developed applications, including the potential for increased available
bandwidth and improved resolution with directivity which can be obtained for a given antenna
aperture. Gigabit data rate for future wireless communication systems will open the door to
variety of applications demanding ultra-broad bandwidth. Among the applications that are
already foreseen is the wireless extension of the next generation broadband access fiber-optic
networks which will support data rates tens of gigabits, and are expected to replace xDSL and
cable-modem access network [1-4]. Most of the present efforts towards higher data rates are
aimed at enhancing the spectral efficiency of existing or currently developing microwave and
millimeter wave wireless systems. However, the spectral bandwidth of such a system is limited,
and they will not able to support data rates exceeding a few Gbps [4]. In the long run, there is
no alternative but to turn towards higher carrier frequencies. Since it is commonly accepted that
such high-data rates can not be achieved with IR systems, the THz range is a logical choice.

In this paper, we have simulated a rectangular microstrip patch antenna using multilayered
substrate materials at THz frequencies for faster wireless communication systems with speci-
fied operational features. The 10dB impedance bandwidth of the single-pin-shorted dual-band
microstrip-line fed rectangular microstrip patch antenna on multilayered dielectric substrate is
33.67%. The radiation efficiency and gain of the antenna are 90.69% and 10.05dB at 875 GHz,
respectively. The operational features of antenna depend on the structural parameters and feed
positions. The simulation of this antenna has been performed by using CST Microwave Studio,
which is a commercially available electromagnetic simulator based on the finite difference time
domain technique.
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Theoretically and Experimentally Investigation of Sparking of Metal
Objects inside a Microwave Oven

Gholamreza Shayeganrad!' and Leila Mashhadi?

Islamic Azad University, Karaj Branch, Karaj, Iran
2Physics Department, Amirkabir University of Technology
P. O.Box: 15875-61390, Tehran, Iran

Abstract— Over the past years, some microwave oven experiments have been done by placing
non-food objects such as metal objects, CDs, lightbulbs and etc. in the microwave oven cavity [1-
4]. Tt is well understood, when a metal object is placed inside the oven cavity, sparking will result.
Here, we have theoretically investigated the sparking of metal objects within the microwave oven,
based on the electrostatic and alternating field. The resonant modes characteristics of both TE
and TM electromagnetic fields in the oven cavity are determined. An approximate analysis for
electric fields around the metal disks and sharp edges is carried out by solving Laplace equation
in polar and elliptical coordinates. Some experiments are done for CD-ROMs and several types
of metallic rings and wires. They have shown a good agreement with the theoretical predictions.
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3D Joint Inversion of CSEM and MT Data with and without
Anisotropy

C. Shen and R.-E. Plessix
Shell International E & P, The Netherlands

Abstract— Electromagnetic methods are commonly used to estimate the resistivity distribu-
tion of subsurface in geophysics. In hydrocarbon industry, marine control source electromagnetic
(CSEM) methods generally send vertical electric currents into the Earth from an electric dipole
source. Therefore, CSEM data are sensitive to thin resistive layers in subsurface. In presence of
stack resistive layers or complex geology, for instance with large resistive bodies, the inversion
results may be ambiguous and difficult to interpret. Magnetotelluric (MT) data, that relies on
the natural electromagnetic field surrounding the Earth, allow us to image large-scale resistivity
structures, especially at large depth thanks to the wide frequency range of the natural electro-
magnetic field. Because of the natural source distribution, MT data are almost insensitive to thin
resistive layers. CSEM and MT data are complementary and it has been shown that a simulta-
neous inversion can reduce the ambiguities in the final inverted images. However, the presence
of anisotropy may limit the benefits of a joint inversion. Indeed MT data are predominantly sen-
sitive to the horizontal resistivity, while the inline CSEM data, that are sensitive to the presence
of thin resistive layers, i.e., hydrocarbon layers, are mainly sensitive to the vertical resistivity.
Broadside CSEM data are sensitive to both resistivities. In this presentation, we will further
investigate the joint CSEM and MT inversion in the presence of anisotropy. We will discuss
different formulations of the error functional for the joint inversion and possible regularization
terms, based for instance on some a-priori assumption. We will illustrate the presentation with
synthetic examples and a real example if we obtain permission.
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A Congestion Control Algorithm Based on Onboard IP Switching

Yi Zhang, Quan Zhou, Jun Li, Jie Li, and Wanzhao Cui
National Key Laboratory of Space Microwave Technology
Xi’an Institute of Space Radio Technology, Xi’an 710100, China

Abstract— Onboard switching is a direction of satellite communication. Because of the limited
satellite resources, the paper proposes an open-loop congestion control algorithm in onboard IP
switches. We simply the RSVP in IP layer, in order to avoid the congestion in cache of onboard
IP switches. The results of simulation show that the proposed algorithm can decrease the cell
loss rate by sending path request message periodically.
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A Broadband Two-stage MMIC Medium-power Amplifier

Yuanyuan Li and Long Jin
Research Institute of Electronic Science and Technology
University of Electronic Science and Technology of China, Chengdu, China

Abstract— A broadband two-stage MMIC medium-power amplifier operating from 6-20 GHz is
developed for EW and communication applications using 0.15 um low-noise PHEMT process. The
amplifier use a single 3-volt DC power supply, each gain stage is self-biased for class-A operation
for optimal power output with minimal distortion, the two-stage feedback power amplifier has
16.5dB small signal gain with 2.0 typical noise figure and input and output VSWRs less than
1.7 over 6-20 GHz, the output power at 1dB compression is 16.0 dBm at 20 GHz.
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Plasmonic Dipole Antennas, Simulation, Characterization and

Applications

Weihua Zhang, Holger Fischer, and Olivier J. F. Martin
Nanophotonics and Metrology Laboratory, Swiss Federal Institute of Technology Lausanne
CH-1015, Lausanne, Switzerland

Abstract— Plasmonic dipole antenna is an optical analogue of conventional dipole antenna
for radio wave. It not only ‘focuses’ the propagating light into its nanoscale gap, but also can
enhance the emission of a quantum emitter. These properties make plamonic dipole antenna
an interesting candidate for many applications, such as sensing, surface-enhanced spectroscopies,
nonlinear optics, high performance near-field optical microscopy, etc. [1].

In order to understand the behaviours of plasmonic dipole antenna, we performed recently a
systematic study. [2] Antenna structures with varying geometrical parameters were simulated
using the Greens tensor method. We found that a plasmonic dipole antenna inherits features from
both the traditional dipole antenna and plasmonic nanostructures: (1) its resonance wavelength
linearly depends on its length; (2) its scattering cross-section is much larger than its geometrical
size due to the excitation of localized plasmon resonances; (3) it generates huge field enhancement
in its feeding gap; (4) the gap size has a strong influence on both the resonance wavelength and
the field enhancement.

We verified those simulation results experimentally by fabricating the structures and measuring
the scattering spectra of single antennas. Antenna structures with different geometrical param-
eters were made with a precision better than 10nm. We characterized the spectral response of
single nano-antennas using dark-field spectroscopy. The spectra show perfect lorenzian shape;
their resonance wavelength red shifts linearly when the antenna length increases; red shift also
occurs when the gap size decreases. All the experimental data quantitatively agrees with the
simulation results.

As a resonance-tunable structure, plasmonic antenna dipole provides us with an ideal platform for
surface-enhanced Raman spectroscopy (SERS). We investigated SERS effects on antennas with
varying the length and gap size. On the antennas with a small gap size, temporal spectroscopic
fluctuations were observed, indicating huge field enhancement in the feeding gap. A detailed
comparison between the experimental result and the prediction by the classical SERS mechanism
is performed on a large number of single antennas. The Raman spectra are consistent with the
theoretical predictions, providing new evidence for the debated SERS theory.
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Analysis of Lightwave Propagation through Nano-wires and
Plasmonic Waveguides for Nano-Photonic Circuit Application

El-Hang Lee! ? and S. H. Song?®

LOPERA National Research Center for VLSI Photonics Technology, INHA University
Incheon, 402-751, South Korea
2Graduate School of Information Technology and Telecommunication, INHA University
Incheon, 402-751, South Korea
3Department of Physics, College of Natural Sciences, Hanyang University
Seoul, 133-791, South Korea

Abstract— We present an overview of our work on the theoretical analysis of the propagation
of electromagnetic waves, light waves, or plasmonic waves along the non-metallic dielectric nano-
wires and plasmonic waveguides for applications in the design and fabrication of nano-scale
photonic integrated circuits. First, we examine the lightwave propagation characteristics along
the nano-wires and explain them in terms of plasmon waves propagating along the surfaces of
the nano-wires. For the analysis of plasmonic wave propagation, we examine the characteristics
of the slow light propagation and the fast light propagation. We then design and fabricate
plasmonic waveguides to integrate them into either horizontally parallel directional couplers or
vertically parallel directional couplers. Their characteristic performances are then compared. We
first designed and fabricated vertical directional couplers consisting of metal stripe waveguides
embedded in polymer. The fabricated vertical directional couplers were 9mm long in total
length with the arm separation of 200 um at the input/output section. We also designed and
fabricated a novel metal-waveguide structure for sustaining long-range surface-plasmon-polaritons
(LR-SPP), which is basically composed of two asymmetric metal layers. We then examine the
use of plasmonic waves for nano-photonic circuit applications. The plasmonic waveguide devices
are integrated with other micro/nano-scale photonic devices, either on a board on on a chip, for
VLSI photonic integrated circuit applications. We will present examples of devices and integrated
circuits along with the scientific and engineering issues arising from the various mismatches

between devices of diverse functional characteristics and properties.
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Two-photon-induced Nano-scale Fabrication Technique of
Three-dimensional Metallic Structures for Plasmonic
Metamaterials

Takuo Tanaka
Metamaterials Laboratory, The Institute of Physical and Chemical Research, RIKEN
2-1, Hirosawa, Wako, Saitama 351-0198, Japan

Abstract— Plasmonic metamaterials are artificially designed materials. By engineering such
materials, we can control the magnetic permeability even in the optical frequency region in which
all materials in nature lose magnetic response. Recently, we have theoretically investigated the
magnetic response of plasmonic metamaterials in the optical frequency region and we clarified
that three-dimensional (3D) array of split-ring-resonators made of silver can give a strong mag-
netic response at the visible light frequency region. The magnetic response in the visible light
frequency region enables us to expand the controllability of photons beyond what is achievable
with natural substances. We found that the Brewster condition is satisfied even with s-polarized
light at the interface between the materials that have different permeability. By using this phe-
nomenon we proposed a novel non-polarizing Brewster device that transmits the light beyond
the material boundary without any light reflection.In this paper, as a fabrication technique of
plasmonic metamaterials, we report a technique that enables fabrication of three-dimensional
(3D) metallic microstructures with a resolution of nano-scale by means of two-photon-induced
metal-ion reduction. We demonstrate fabrications of continuous and electrically conductive silver
or gold 3D structures self-standing on the substrates. Recently, by controlling the growth process
of nano-metal-crystals with surfactant molecules, we successfully improved a spatial resolution up
to 100 nm. In the presentation, the magnetic response of the plasmonic metamaterial fabricated
by this technique is also presented.
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High Density Optical Data Storage

Peter Torok, Carlos Macias Romero, Matthew Foreman
Gung-Hsuan Ho, Peter Munro, and Arthur Van de Nes
Imperial College London, UK

Abstract— Optical data storage has played a significant role in the extremely fast development
of consumer electronics during the last three decades. The direction of development has been
the same ever since the fist CD disk was devised: for subsequent generations shorter wavelengths
and higher focusing lens numerical apertures have been used. Unfortunately the natural limits
of this development have been reached and further improvement does not seem to be possible

using the same principles.

Recently holographic optical data storage has emerged as an extremely promising technique to
pack around 1 TB/cm? information into an appropriate medium. Unfortunately this method has
its significant drawbacks: holographic disks are at the moment cannot be mass replicated and

they are not naturally compatible with current standards.

We have developed an alternative approach of storing data. The principle is that every pit ends
up storing more than a single bit of information. This is achieved by introducing pits with various
angles with respect to the spin direction. The angle of the pit stores the information. With this

method it is in principle possible to store up to 1 TB per disk.

The talk will briefly overview current techniques of optical data storage and describe the principles
of operation for the new solution. Experimental data will also be presented to demonstrate the
full power of the method. Experimental data and system noise analysis shows that it is possible to
obtain > 43 dB signal-to-noise ratios corresponding to a 14 fold increase in data storage capacity

over any, currently existing solutions.
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Fabrication of Functional Optical Devices Using Highly Ordered
Anodic Porous Alumina

Hideki Masuda'>2, Kazuyuki Nishio'' 2, and Toshiaki Kondo?

!Department of Applied Chemistry, Tokyo Metropolitan University
1-1 Minamiosawa, Hachioji, Tokyo 192-0397, Japan
2Kanagawa Academy of Science and Technology, 5-4-30 Nishihashimoto, Sagamihara
Kanagawa 229-1131, Japan

Abstract— The fabrication of functional optical devices based on the ordered structures from
submicron to nanometer scales has attracted increasing attention due to its application in various
fields due to its application in various fields, such as chemical or biological sensing. We describe
here the results of the fabrication of highly ordered anodic porous alumina and its application to
various kinds of functional optical devices. Anodic porous alumina, which is formed by anodiza-
tion of Al in acidic solution, is typical self-ordered material [1]. The structure of anodic porous
alumina consists of ordered triangular array of holes with high aspect ratios in alumina matrix.
The ordered structures prepared from highly ordered anodic porous alumina showed unique op-
tical properties originated from the localized surface plasmon, which was dependent on the size
and shapes of the structures [2, 3]. In the report, several types of nanostructures composed of 2D
and 3D ordered arrays of metal nanoparticles using highly ordered anodic porous alumina will
be describe from the aspect of the preparation of functional plasmonic devices [3, 4].
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Implementation of a Radio over Fiber System in a
Geographically-distributed Optical Network

S. Arismar Cerqueira, Jr.!, D. C. Valente e Silva?, M. A. Q. R. Fortes',
L. F. da Silva?, O. C. Branquinho?, and M. L. F. Abbade?

LOptics and Photonics Research Center, UNICAMP, Brazil
2Faculdade de Engenharia Elétrica, Pontificia Universidade Catélica de Campinas, Brazil

Abstract— The next generation of access networks is rushing the needs for the convergence
of wired and wireless services to offer end users greater choice, convenience and variety in an
efficient way [1]. This scenario will require the simultaneous delivery of voice, data and video
services with mobility feature to serve the fixed and mobile users in a unified networking plat-
form. In other words, new telecom systems require high-transmission bandwidths and reliable
mobility. The Radio over Fiber (RoF) technology represent a key solution for satisfying these
requirements, since it jointly takes advantage of the huge bandwidth offered by optical commu-
nications systems with the mobility and flexibility provided by wireless systems. RoF systems
consist of heterogeneous networks formed by wireless and optical links. Unlike traditional optical
communications networks, in which a baseband signal in transmitted into the optical fibers, in
RoF systems one or multiple analogous carriers are transported into the fibers. The transmission
is performed by directly or externally modulating lasers by the analogous radio frequency signal.
On the receiver side, the transmitted signal is recovered by using a photodiode. Compared to
traditional optical systems, RoF technology provides the advantage of eliminating the gateways,
since there is no need for analogous-digital or digital-analogous conversions. This simplifies the
system complexity and reduces the operational costs.

RoF technology has been investigated by many Research Groups in the last years. However,
the great majority of works published in literature are based on simulations and/or experiments
carried out in laboratories. This work presents an implementation of a Radio over Fiber system
based on IEEE 802.15.4 standard, in a geographically-distributed optical network called KyaT-
era [2]. Lasers were directly modulated by a RF signal at 2.4 GHz with Quadrature Phase Shift
Keying (QPSK) modulation. This signal was launched into hundreds of kilometers from KyaTera
Network under real conditions of temperature, pressure, humidity and wind. The optical signal
was received by a fast photodiode, converted to electrical signal and then retransmitted by an
antenna with gain G = 12dBi. Finally the wireless signal was obtained by a receiver antenna.

Simulations based on Split Step Fourier Method were carried out for predicting the system
performance. The performance parameters evaluated in the experiments were the electrical Signal
to Noise Radio (SNR) and Frame Error Rate (FER) of the transmitted RF signal. Experimental
results show no performance degradation of the transmitted radio frequency signal.
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Cascade MZM

Cheng Hong, Siyu Liu, Cheng Zhang, Zhangyuan Chen, and Weiwei Hu
State Key Laboratory on Advanced Optical Communication Systems & Networks
Peking University, Beijing, China

Abstract— We experimentally demonstrated a Radio over fiber transmission system which
works in 60 GHz band with 2.5 Gbps bit Rate over 22km SMF, using an integrative cascade

MZM modulator.

Introduction: Radio over fiber technology is considered to be a potential solution to the broad-
band access networks. Making use of convergence of mobility of wireless and good transmission
channel property of optical fiber, Radio over fiber technology can easy transmit several Gigabit
per second. Here we experimentally demonstrated the transmission system for 2.5 Gps on 60 GHz
microwave over 22 km SMF. Cascade MZM modulation method is a simple way to generate two

coherence optical modes to beat in photodetector for producing microwave signal.

Experimental Setup and Result:
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Figure 1: Experiment setup. Figure 2: Received BER.

The experimental setup is show as Fig. 1. An integrative cascade MZM as modulator. One MZM
is used as microwave carrier modulator bias at null point; the other is used as data modulator
and set at linear bias point. The transmission bit error rate is verse received optical power is

show as Fig. 2.

Conclusions: A primary demonstration of downlink Radio over system is realized by an inte-

grative cascade MZM as modulator and coherent demodulation receiver.
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Single-mode Modulation Using Injection-locked Fabry-Perot Laser
in Radio-over-Fiber System

Cheng Zhang, Mingjin Li, Siyu Liu, Cheng Hong, Weiwei Hu, and Zhangyuan Chen
State Key Laboratory on Advanced Optical Communication Systems & Networks
Peking University, Beijing, China

Abstract— Radio-over-Fiber (RoF) system has been considered a promising technology for fu-
ture broadband wireless communication. Recently, many schemes have been proposed to realize
a low-cost and high-performance RoF system. The commonly used method to generate millime-
ter wave (MMW) in these systems is optical heterodyning technique which use two correlated
optical modes to beat a high-quality MMW. And usually the data is uploaded to the MMW by
just modulating these two modes. However, standard modulation of two correlated modes will
suffer from chromatic dispersion which results in a radio frequency (RF) fading and limits the
transmission distance. Single-mode modulation is proposed to overcome this problem. But the
former method using a Mach-Zehnder (MZ) interferometer filter is too complex to be practical. In
this paper, we propose a new approach to realize single-mode modulation using injection-locked
Fabry-Perot laser dioxide (FPLD).

In the experiment setup, the DFB laser’s output is coupled into an intensity modulator which is
driven by the reference frequency at 15 GHz from a signal generator. The modulator output is
sent to an optical notch filter to select the first-order sidebands whose mode-spacing is 30 GHz. An
EFDA and an attenuator are used to get the proper injection power and its output is connected
with a 60 GHz mode-spacing FPLD through a three-port optical circulator (OC) for single-mode
injection-locking. A polarization controller (PC) is used to control the input state of polarization
to the FP laser diode. The intermediate frequency (IF) signal is uploaded by modulating the
current of FPLD. Finally, the single locked mode and the other reflected mode are transmitted for
44.4km and sent to a 70 GHz photo detector (PD) for 30 GHz MMW generation. The electrical
signal sidebands on both sides of 30 GHz carrier are measured for different IF. Another experiment
using standard dual-mode modulation has also been done to for comparing data.

Figure 1 compares the side power after 44.4km SMF transmission for both single-mode mod-
ulation and dual-mode modulation. Different RF powers for single-mode modulation are also
test in our experiment. Compared to dual-mode modulation, it can be found that the proposed
single-mode modulation is immune to RF signal fading due to the chromatic dispersion.
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Figure 1: Received electrical power for different modulation frequency after 44.4 km SMF transmission.
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A Scheme of Photonic Notch Filter Using DGD Method for

Radio-over-Fiber Communication Systems

Hanhong Gao, Jinxuan Wu, Zhao Tu, Cheng Zhang,
Dandan Wu, Weiwei Hu, and Zhangyuan Chen
State Key Laboratory of Advanced Optical Communication Systems & Networks
Peking University, Beijing, China

Abstract— Microwave photonics has been a popular research field. The photonic filters can
provide a large tunability and a high Q factor besides advantages such as low loss, light weight, im-
munity to electromagnetic interference and capability to overcome electronic bottleneck. There-
fore, a number of photonic microwave filters have been reported in the literature. Several methods
have been demonstrated using fiber delay lines, most of which use several fixed lengths of fiber
to achieve stepped time delay. It is recently demonstrated that non-uniformly spaced taps can
implement a photonic microwave filter with an arbitrary band-pass response, which would have
the same spectral characteristics as a photonic microwave delay-line filter with true negative or
complex coefficients. Another particular application of interest is the transversal microwave filter,
which can be classified as two kinds: optically coherent and optically incoherent. Besides, a tun-
able ring resonator in polymeric wave-guides was exploited to implement an integrated photonic

microwave band-pass filter operating at around 10 GHz.

We propose a reconfigurable and continuously tunable photonic notch filter implementing a tech-
nique using a differential group delay (DGD) element including a tunable laser source, a polar-
ization beam splitter (PBS), an adjustable optical delay line, three polarization-preserving fibers
(PPF) and one polarization-preserving fiber coupler. First, electro-optical modulator (EOM)
modulates the laser output with RF signal. After passing PBS, the beam separates into two with
orthogonal polarizations, which will travel separately along two PPF. In addition, one beam will
experience delay through adjustable optical delay line. Therefore they will experience different
time delay. They are combined using the polarization-preserving coupler and the electric signal
is detected by photo detector (PD). Finally, a vector network analyzer is used to measure the

characters of this microwave photonic filter.

The time delay is set to about 100 ps, and a filter with free spectral range (FSR) approximately
10 GHz is realized. The notch rejection ratio is larger than 20dB. By varying the time delay,
different FSR will be accomplished. What’s more, the central frequency of laser source is adjusted
deviating from the previous frequency from 0 to 10 GHz. In the meantime the filter varies from

low-pass filter to band-pass filter and back to low-pass filter.

This filter configuration has several advantages comparing with previous schemes. Firstly, ad-
justable optical delay line can be used to adjust FSR of the filter, making it continuously tunable.
This delay line can achieve a wide range of FSR. Secondly, it is reconfigurable through the adjust-
ment of the central frequency of the laser source. The filter frequency response can be changing
from band-pass filter to low-pass filter. Lastly, this configuration can be used in varieties of

radio-over-fiber communication systems to achieve a better filter performance.
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A Scheme of Microwave Photonic Filter Based on Hi-Bi Fiber

Dandan Wu, Weiwei Hu, and Zhangyuan Chen
State Key Laboratory of Advanced Optical Communication Systems & Networks
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Abstract— Over the past several decades Microwave photonic filter (MPFs) has attracted a
lot of interest due to the processing of radio-frequency (RF) signals in the optical domain, saving
bulky OE and EO conversion parts, and with the advantages of wide bandwidth, immunity to
electromagnetic interference, low loss, tunability and reconfigurability, therefore they are widely
applied to phased-array beamforming, radar, mobile communications, and radio-over-fiber (ROF)
systems. The MPFs can be operated in incoherent or coherent regime. Incoherent filters are
more stable against environmental conditions. Therefore, until now many kinds of incoherent
MPFs have been reported in literatures. The conventional incoherent MPFs have been proposed
using different optical delay lines or electrically summing configurations, then the intensity of
the modulated light outputs from different taps are added. However, the former limited the free
spectrum range (FSR) of the MPFs, and the later lost the advantages of optical domain signal
processing. Recently, polarization synthesizing method has been reported to realize incoherent
operation, which is based on differential group delay (DGD) element with two fiber delay lines.

In this paper, we propose a novel structure of microwave photonic filter shown in Fig. 1. The radio
frequency (RF) signal of a network analyzer drives an electrooptic modulator that modulates the
output of a tunable laser source. The modulated optical signal transmits along a coupler and a
three-port polarization beam splitter (PBS). One of the optical beams transmits clockwise along
fast-axis of the Hi-Bi fiber, and the other transmits anti-clockwise along slow-axis of the Hi-Bi
fiber. Because the Hi-Bi fiber has a large refractive index difference between its fast and slow
axis, the time delay difference will be induced. The two orthogonal optical signals, which are
differently delayed, are combined without interference and directed to the output of the coupler.

laser EOM PBS Hi-Bi

Fiber
Network
Analyzer

Figure 1: The experiment configuration of Microwave Photonic Notch Filter.

Theoretical calculation show that the MPF structure can provide approximately 10 GHz FSR
corresponding to the 100 ps time delay. The notch rejection ratio is larger than 20 dB. This MPF
has several advantages comparing with previous schemes. First, it’s more stable and simpler due
to using only one fiber delay line, which can implement a wide range of FSR. Second, through
the employment of temperature controller or PZT to adjust the length of the Hi-Bi fiber, the
MPF will be tunable and reconfigurable. The detailed experimental results will be discussed in
the manuascript.
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The Trend of Designing Rotation Sensors Based on Highly
Dispersive Resonating Structures
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Xuefeng Luo, Zhengbin Li, and Anshi Xu
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Abstract— Rotation sensors, which are also known as gyroscopes, are widely used for industrial
and military purpose. The basic idea of it is to detect the phase shift induced by the Sagnac effect
in a closed loop [1]. Over the past few decades, gyroscope designing based on different structures
have been intensively studied [1-11], and highly dispersive structures are mostly considered [4—
11].

It’s recognized that dispersion cannot influence the magnitude of the Sagnac effect [2,12]. But
there are different manifestations in highly dispersive medium and resonator structure. For
rotation sensors based on highly dispersive medium, as Doppler effect is proposed to be the
intrinsic reason to enhance their sensitivity, they suit only situations when relative motion exists
between the interferometer and the medium [10]. But it’s different for sensors based on highly
dispersive resonating structures, such as coupled-resonator slow-light waveguide structures [9] and
various photonic crystal geometries. These structures may possess huge Q-factor and they are
extremely susceptible to the phase perturbation in the light path. The Sagnac effect will induce
additional phase shift in the light path when such a structure is rotating, and then influence its
response. The total phase shift will be enlarged as a result. It shows that the highly dispersive
resonating structure will improve the sensitivity in rotation sensing [10].

An example of highly dispersive resonating structures is the CRIT (coupled-resonator-induced
transparency) structure, which has highly dispersive property with low absorption at its resonant
frequency [13]. The gyroscope based on this CRIT structure is proved to be highly sensitive, and
it has the potential to be made in a compact size [11]. The active CRIT structure, where
the dispersion can be optically tailored, can further increase the performances of CRIT based
gyroscopes [14].

Electrodynamics in rotating optical elements is quite useful in designing rotation sensors. This
is widely used in modeling the Sagnac effect [8,15-18]. One way of using it is the application in

the Finite-Difference Time-Domain (FDTD) algorithm [18]. This FDTD method is a promising
tool to accurately analyze, design and optimize rotation sensors.
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Metamaterial Technologies at Terahertz Frequencies
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Avenue Poincaré, BP 60069, 59655 Villeneuve d’Ascq, France
2Department of Applied Physics, Northwestern Polytechnical University, Xi’an 710072, China

Abstract— Terahertz metamaterials are now attracted much interest with the prospect to use
their extraordinary electromagnetic properties for negative refraction, super and hyper-lensing
along with cloaking. We address here the difficult problem of their fabrication with special
attention on their frequency band width and on their losses (return and intrinsic losses). Two
approaches will be more specially considered. The first one is based on Split ring Resonator
— wire resonator arrays under a grazing incidence. In order to operate at Terahertz frequency
with a relatively broad-band and low intrinsic loss, interconnected omega-type micro-arrays were
fabricated and frequency assessed. Their magnetic dipole can be tune by means of a liquid
crystal technology as recently demonstrated. On the basis of these studies, we then studied the
possibilities afforded by sub-wavelengths metal arrays under front side illumination in a BCB
technology. The second approach is based on the artificial magnetism which can be pointed out
in high-x ceramics such as Barium Strontium Titanate. The main advantage of such a route
is related to the isotropy of their properties while the fabrication of an isotropic metamaterial
from SRR-wire arrays is troublesome at Terahertz frequencies. The main targeted application is
cloaking by implementing the gradients of the effective permeability values between zero and one.
At last, the possibility to fabricate a double negative media through composite-size ceramics is
also demonstrated.
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Theoretical and Numerical Study of Surface Waves in a Grounded
Slab Waveguide of Biaxially Anisotropic Metamaterial

Salma Mirhadi and Manoochehr Kamyab Hessari
Department of Electrical Engineering, K. N. Toosi University of Technology, Tehran, Iran

Abstract— In this paper, first we theoretically demonstrate grounded slab of biaxially anisotropic
metamaterial can support surface waves. Specific conditions for the existence of surface waves
at the interface of slab are investigated using graphical method and showed that these condi-
tions are greatly dependent on tensor components of the constitutive parameters. Then, the
finite-difference time-domain (FDTD) method based on piecewise linear recursive convolution
algorithm (PLRC) in conjunction with convolutional perfectly matched layered (CPML) is em-
ployed to verify theoretical results. Furthermore, FDTD method provides a means for visualizing
propagation of surface waves at the interface of slab.

Theory: The geometry under study is shown in Fig. 1. Region 1 is assumed to be a biaxially
anisotropic slab place on a perfectly conducting ground plane. Region 2 is considered to be a
semi-infinite isotropic RHM. An electric line source is located in region 2. The electric field is
expressed in integral form in two regions. From boundary conditions on the perfectly conducting
surface and the slab interface, we can obtain the equation of the guidance of surface waves as:

e %1 Q2
— coth(aqd) = — 1
o (a1 d) i (1)
where
o) = \/ulz k2 —w?pye1y (2)
M1z

Qo = \/k‘g—uﬂug&g (3)

a1 and ae are the attenuation constant in region 1 and 2 respectively. k, is the longitudinal
wavenumber which is found by using graphical solution of Egs. (1), (2), and (3) simultaneously
at certain frequency and with certain thickness of grounded slab. a1, s, pe, and hyperbolic
cotangent function in Eq. (1) always are positive and there are no real solution for Eq. (1) unless
w12 < 0. We conclude that surface waves can be supported only by the anisotropic metamaterial.
After determination the sign of the u1,, we will make our discussions based on four possible cases
for the sign of the €1, and fi1,.

Case I: €1, > 0 and g1, > 0: Two conditions for supporting surface wave must be satisfied. 1)
H2E2 < [12E1y, 2) k., satisfies the inequality wy/pegs < k, < Wy/P1zE1y-

Case II: €1, < 0 and p1, > 0: Such a structure cannot support guided modes with imaginary
transverse wavenumbers in this case.

Case III: 1, > 0 and p1, < 0: When Eq. (1) has a solution for k, that satisfies w,/li2e2 < k-,
the surface waves can exist.

Case IV: ¢, <0and p1, <0: The solutions of Eq. (1) must be satisfied k., >max (w4 [Elyfiie, W sguz)
which ensures the existence of the surface wave.

fia B3 Region 2

Line source ¢ds

h B Region 1 |

Figure 1: Geometry of an anisotropic grounded slab waveguide, electrical line source is located in region 2.



276 Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009

Examples and Numerical Results: Negative permittivity and permeability for FDTD simu-
lation can be realized with the Lorentz dispersion relation

2
N S . 4
@) = e (1= R (1)

2

= o (1 K2 -
) = o (1= =3 )

The parameters in Eq. (4) and Eq. (5) have been chosen such that the desired negative values of
permittivity and permeability at f, = 10 GHz are provided. Numerical simulations of four cases
are shown in Figs. 2-5 which are in accordance with theoretical results.
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Figure 2: Electric filed distribution of surface waves at the interface of slab in case I. Slab boundaries are
indicated by dark line in figure. d = 1cm, €1y = 24, f1x = 2lto; P12 = —Ho; €2 = €0, H2 = lo-
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Figure 3: Surface wave cannot be supported by anisotropic grounded slab in case II. Electric field has
penetrated into the slab as guided modes. d = 1cm, €1y = —0.5¢,, 1z = [o, H12z = —lho, €2 = €0, fl2 = lo-
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Figure 4: Electric filed distribution of surface waves at the interface of slab in case III as theory predicts.
d=1lcm, €1y = 280, P1z = —2Ho, K1z = —Ho, E2 = oy H2 = Ho-
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Figure 5: Electric field distribution of surface waves in case IV. d = lcm, €1y = —0.5e,, 1z = —1.5u,,
M1z = —Hoy €2 = Ep, U2 = Ho.
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All-dielectric Isotropic Metamaterial and Its Tunable Behavior

Qian Zhao' 2, Lei Kang?, Bo Du?, Hongjie Zhao?, Bo Li?, and Ji Zhou?

IState Key Lab of Tribology, Department of Precision Instruments and Mechanology
Tsinghua University, Beijing 100084, China
2State Key Lab of New Ceramics and Fine Processing
Department of Materials Science and Engineering
Tsinghua University, Beijing 100084, China

Abstract— Isotropic negative permeability resulted from Mie resonance is demonstrated ex-
perimentally and numerically in a three-dimensional (3D) dielectric composite consisting of an
array of dielectric ceramic cubes. Measurements and simulations show that the dielectric compos-
ite exhibits a strong sub-wavelength magnetic resonance at the first Mie resonance and possesses
isotropic negative permeability, resulting from the displacement current excited in the cubes. The
dielectric particle was equivalent to a magnetic dipole at the magnetic resonance, which could be
adjusted by the size and permittivity of the particles. And thus a tunable behavior is experimen-
tally demonstrated in this dielectric composite by temperature changing. It shows that the first
Mie resonance mode can be continuously and reversibly adjusted from 13.65 GHz to 19.28 GHz
with the temperature changing from —15°C to 35°C. Accordingly negative permeability can be
performed in the frequency range of about 6 GHz by adjusting the temperature. The results are
promising for construction of novel isotropic 3D left-handed materials with simple structure, and

design of adaptive metamaterials and 3D invisible cloak.



278 Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009

Ambient-permeability-controlling Based Magnetically Tunable
Metamaterials

Lei Kang', Qian Zhao?, Hongjie Zhao', Rui Wang', Jingbo Sun', and Ji Zhou!

IState Key Lab of New Ceramics and Fine Processing
Department of Materials Science and Engineering
Tsinghua University, Beijing 100084, China
2State Key Lab of Tribology
Department of Precision Instruments and Mechanology
Tsinghua University, Beijing 100084, China

Abstract— Different from those tuned by altering the capacitance of equivalent LC circuit, we
present and experimentally demonstrate a novel approach to tunability of metamaterial. This
tunability arises from the active inductance of equivalent LC circuit by controlling the ambient
permeability. Yttrium iron garnet (YIG) that exhibits a variable permeability under different
magnetic field at microwave frequency range, was cut into rod and introduced into the negative
permeability metamaterial, left-handed metamaterial and electric resonant metamaterial, which
are composed of elements of split ring resonator (SRR), SRR/wire, and eSRR, respectively. It
shows that the resnonances of the metamaterials can be continuously and reversibly adjusted
over a large range by external dc applied magnetic fields. These tunabilities would be useful for
the construction of novel devices, e.g., broadband perfect lens.



Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009

279

Recent Developments in Free-standing Large-area S-string THz

Metamaterials

Shahrain bin Mahmood!, S. Virasawmy', H. S. Chen? 2, X. X. Cheng?, and B. I. Wu?

!Singapore Synchrotron Light Source (SSLS), National University of Singapore (NUS)
5 Research Link, 117603, Singapore
2Research Laboratory of Electronics, Massachusetts Institute of Technology
Cambridge, Massachusetts 02139, USA
3The Electromagnetics Academy at Zhejiang University, Zhejiang University
Hangzhou 310058, China

Abstract— Due to their longitudinal extension, S-strings enable building large-area free-
standing metamaterials that are neither embedded in matrices nor deposited on substrates. Free-
standing metamaterials in which S-strings are held, at both ends, by a window-frame were ex-
perimentally demonstrated and characterized [1]. Two chips of such single-layer window-frames,
separated by a spacer, are carefully aligned and assembled to form the resonance loops in a bi-
layer chip. Their response is solely determined by geometrical parameters and metal properties.
Gold samples built so far exhibit two left-handed pass-bands around 1.2 and 2.2 THz besides a
right-handed electrical resonance around 2.8 THz depending on the incidence angle of the incom-
ing wave. The left-handed pass-bands are assigned to the figure-eight loop formed by an S in
one plane and its inverse in the other, as well as to the “cut-wire pair” formed by one S-leg in
the top plane and the adjacent leg in the bottom plane. These resonances are best excited by
tangential (90°) or normal incidence, respectively. The electrical resonance at 2.8 THz is right-
handed and caused by a single layer alone. It is disregarded. Ongoing work aims at extending the
architecture of window-frame-held S-strings to self-supporting grids without window-frames in
which strings are interconnected by transverse rods, thus forming a locally rigid, globally flexible
self-supporting grid. Simulations show that such structures also exhibit left-handed pass-bands
and allow various periodicities of the interconnecting rods. Latest experimental results on such
structures will be presented. Potential applications may arise in systems for THz communication
or for the detection of explosives.
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Resonance-induced Extraordinary Transparencies of Waveguides at
Cutoff: A Tight Binding Study

Hao Xu, Jiaming Hao, and Lei Zhou
Surface Physics Laboratory (State Key Laboratory) and Physics Department
Fudan University, Shanghai 200433, China

Abstract— Inserting resonators of electric or magnetic types into a waveguide, we find ex-
traordinary transmissions of EM waves at frequencies well below the waveguide’s cutoff values
for different polarizations [1]. In our previous work, such phenomena were explained by an ef-
fective medium theory [1]. Here, we employ a tight binding method (TBM) developed in [2] to
further explore the underlying physics behind such unusual transparency. Adopting appropri-
ate hopping parameters, we find that the TBM can provide clear pictures for many interesting
phenomena discovered by brute-force numerical simulations and experiments previously [1], in-
cluding the number and positions of the transmission peaks, the parities of wave functions, the
band width and the group velocities of the transmission bands, and the defect modes, ect. [3].
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Effective-medium Properties of Meta-materials Studied by the
Quasi-mode Method

Shulin Sun and Lei Zhou
Surface Physics Laboratory (State Key Laboratory), Physics Department
Fudan University, Shanghai 200433, China

Abstract— In the spirit of the generalized coherent potential approximation, we applied a
“quasi-mode” method developed in [1] to study the effective media properties of electromagnetic
(EM) meta-materials. Embedding the meta-material under study into a background medium
with tunable permittivity and permeability, we calculate the Green’s functions of EM waves
traveling inside the medium by considering the scatterings caused by the meta-material. The
density of states (DOS), the self-energy, and the mean free path of a mode can be calculated
with the knowledge of the Green’s function given. The effective permittivity and permeability
of the meta-materials can then be determined by maximizing the DOS, which is a function of
the permittivity and permeability of the background medium. Compared with the standard S-
parameter retrieval method [2], the present approach overcomed the multiple solution problems
that exist in previous methods. Moreover, the “mean free path” obtained in present method is
helpful to judge qualitatively how good are the effective medium parameters that we obtained
for the meta-materials. As the illustrations of our theory, we performed numerical calculations
based on the finite element method to study the effective-medium properties of both split ring
and metallic wire resonators.

REFERENCES
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Nanocluster Metamaterial

Qi Wu, Jin-Hyoung Lee, and Won Park
Department of Electrical & Computer Engineering, University of Colorado
UCB 425, Boulder, CO 80309-0425, USA

Abstract— We report a new metamaterial architecture based on metal nanoclusters. An ar-
ray of metal nanowires exhibits a strong electric resonance due to the electric Mie resonance
supported by the individual wires. When a finite-sized array is made, the nanocluster can sup-
port a strong magnetic resonance. The frequency of the magnetic resonance falls in the optical
frequency region and is also tunable by controlling the array parameters such as nanowire size
and filling fraction. If the nanoclusters are placed into an array, this nanocluster metamaterial
exhibits optical frequency magnetism, where the effective permeability can reach negative values.
By combining the nanocluster metamaterial structure with thin metal films or metal nanoshells,
which provide negative permittivity, the combined metamaterial structure exhibits negative ef-
fective index. One of the most exciting features of nanocluster metamaterial is that it can be
fabricated by a bottom-up self-assembly approach. We developed a new fabrication strategy in
which metal nanoparticles are assembled to form nanoclusters by template-directed self-assembly
method. The template is an array of nanoholes fabricated by the laser interference lithography.
By properly treating the surfaces of the template and also of the nanoparticles, we successfully
self-assembled nanoclusters. The nanocluster metamaterial exhibited strong absorption peaks
due to the magnetic resonance. The peak position coincided very well with the theoretically
predicted resonance frequency. The nanocluster metamaterial represents the first metamate-
rial architecture compatible to scalable manufacturing technology and holds a high promise to
practical applications of metamaterial.
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The Left-handed Property of the Composite with Metallic Wires
Embedded in Mu-negative Medium

Yang Bai!, Fang Xu!, Lijie Qiao', and Ji Zhou?
LCorrosion and Protection Center
Key Laboratory of Environmental Fracture (Ministry of Education)
University of Science and Technology Beijing, Beijing 100083, China
2Department of Material Sciences and Engineering
Tsinghua University, Beijing 100084, China

Abstract— In recent years, left-handed material (LHM) is one of the most absorbing subjects
in physics, which was proposed by Veselago in 1968. Because of its negative permeability and
negative permittivity, LHM has abnormal electromagnetic behaviors, such as a left-handed set

of ?, E and H for electromagnetic wave in it. Since the first LHM was made By Smith, various
artificial structures, instead of natural materials, were supposed to construct LHMs, who gain
the electromagnetic properties from structure rather than inheriting from the materials’ nature.
Then it becomes an interesting and challenging problem to realize LHMs using materials’ intrinsic
characters wholly or partially.

This paper reported the LH property of the composite with metallic wires and mu-negative
(MNG) medium. The effect of material characters of isotropic or anisotropic media on LH
properties was discussed.

First, the electromagnetic character of the composite structure with metallic wires in a homoge-
neous Lorentz medium was studied. The material characters of medium host affect the plasma
of metallic wires remarkably. High permeability or permittivity will lower the plasma frequency
of metallic wires, while near-zero permeability or permittivity can and zero € or p of medium
can great raise the resonance frequency of wires’ array. Both above influences narrow the range
of negative permittivity of wire’s array, which go against the realization of LHM. Negative-y
medium will destroy the wires’ plasma resonance and prevent producing negative permittivity.
High loss medium can also inhibit the metallic plasma resonance.

Second, the effect of the anisotropy of MNG medium was discussed under the condition of TEM
wave. Because of the couple of medium with TEM wave and wires’ array, ., ity and . of the
medium play different roles to the LH properties. In this composite structure, metallic wires must

be parallel to E of wave. The results indicates that negative u, (parallel to ﬁ) is the necessary

and sufficient condition for left-handed material. Negative p, (along E) does not affect the
metallic wires’ plasma, while negative p, (along wave vector) destroys the wires’ plasma and
blocks the left-handed property.

Final, the electromagnetic character of the composite structure consisting of metallic wires and a
gyromagnetic medium was studied. Based on above discussion, proper direction of magnetization
is important for the realization of LH property. To reduce the influence of mu-negative host to
wires’ plasma to a great extent, it is a best choice to apply the bias magnetic field along the
direction of wave vector.

This study can promote the development of LHM using materials’ nature. It gives a clear direction
to design LHM with isotropic, uniaxial and gyromagnetic media. Further research can greatly
enrich the applications of LHMs owing to the multifunctionality of nature materials.
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Two Types of Planar Chiral Metamaterials for Polarization
Conversion

Benfeng Bai and Jari Turunen
Department of Physics and Mathematics, University of Joensuu
Joensuu, FI-80101, Finland

Abstract— Metamaterials are newly emergent artificial materials that cannot be found in
nature and are designed to exhibit prescribed electromagnetic properties, among which the pla-
nar chiral metamaterials (PCMs) are the artificial planar micro- or nanostructures exhibiting
extraordinary polarization effects much larger than those in natural materials. Since large op-
tical activity can be achieved in a PCM with sub-wavelength thickness and can be optimized
by proper structural design, the PCMs are very promising candidates to be developed as novel
compact polarization-sensitive devices.

In this talk, we demonstrate two types of PCMs that we studied recently: the Type-I PCM made
of isotropic achiral media but with chiral structural features, such as the gammadion-shaped TiO2
grating shown in Fig. 1(a), and the Type-II PCMs that are nanogratings containing magneto-
optic materials, such as the perforated bismuth iron garnet (BIG) film shown in Fig. 1(c). Both of
the two types of PCMs are found to be able to produce large (tens of degree) polarization rotation
effect [see, for example, Fig. 1(b)], which leads to a gyratory power several orders of magnitude
larger than that of natural chiral or magneto-optically active media. The large optical activity
originates from circular birefringence/dichroism induced by the structural chirality or magneto-
optic effect and is greatly enhanced by optical resonances (such as surface-plasmon resonance
or guided-mode resonance) in the periodic sub-wavelength structures. The two types of PCMs
are operated under normal illumination in the optical and near-infrared spectral ranges and
can achieve multi-functional polarization manipulation (e.g., used as pure polarization rotator,
phase retarder, or circularly-polarized beam splitter). Furthermore, since the polarization effect
is reciprocal in the Type-I PCMs, whereas nonreciprocal (and tunable by switching on/off the
external magnetic field) in the Type-II PCMs, they exhibit different functionality for application
designs.

The talk reviews our recent theoretical and experimental work with regard to the two types
of PCMs, covering fundamental theory, rigorous numerical simulation, design, nanofabrication
process, and optical characterization. The physical mechanism of the large polarization effect
enhanced by resonance is also explored and interpreted.
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Figure 1: Geometry (a) and spectra (b) of the Type-I PCMs. (c) shows the structure of a Type-II PCM.
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Anisotropy and Extreme Parameters: Waveguiding and DB Media

A. Sihvola and I. V. Lindell
Department of Radio Science and Engineering, Helsinki University of Technology
Box 3000, FIC02015 TKK, Espoo, Finland

Abstract— Media with extreme parameters have received increasing attention in the meta-
materials community. Whereas in the “classical” metamaterial studies in the spirit of Veselago
media [1,2] where the emergent character arises from the simultaneously negative parameters for
the electric permittivity and magnetic permeability, nowadays such media attract attention where
one or both of the constitutive parameters are either very large or close to zero [3]. Examples of
such media carry labels like ENZ (epsilon-near-zero) and EVL (epsilon-very-large) media.

Such media are isotropic. In this talk, the focus is on extreme materials with anisotropy. Es-
pecially, we focus on uniaxial anisotropy where the extreme quality is concentrated on the axial
parameters of the permittivity and permeability. In other words, the in constitutive dyadics of
the material

anll
I

uue, + (f - uu) €t (1)

uuy, + (f — uu) 14t (2)

=l
I

the axial components €, and u, are either very large or close to zero. (Here T denotes the unit
dyadic and u is the unit vector along the optical axis.)

The case of both €, — oo and pu, — oo corresponds to the so-called waveguiding medium
which has been shown to lead to the possibility to mimic absolute boundary conditions [4].
The latter choice (e, = p, — 0) leaves us with the so-called DB medium [5] which can be
used as angular filter, a property that has been shown to be connected to ENZ materials in
two-dimensional applications involving squeezing and channeling of electromagnetic waves [6].
Especially important is that the operation of the DB medium is independent of the polarization
and excitation of the electromagnetic field it interacts with.

The talk will discuss the possible applications of these concepts and the realization of such
materials.
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A New Method for Imaging Avian Based on Frequency-stepped

Chirp Signal

Feng Zhu', Yong Wu?, You-Qian Feng!, You-Qing Bai', and Qun Zhang?>*

nstitute of Science, AFEU, Xi’an 710051, China
2Shaanxi Institute of Metrology Science, Xi’an 710048, China
3Institute of Telecommunication Engineering, AFEU, Xi’an 710077, China
4Key Laboratory of Wave Scattering and Remote Sensing Information (Ministry of Education)
Fudan University, Shanghai 200433, China

Abstract— It is quite significant for security and development of human’s aviation that avian
can be detected and monitored at real time. Radar with some special advantages is an important
tool for observing birds’ activities availably, which is all-weather and round-the-clock effective for
working. Moreover, with the development of modern signal processing and high-speed computer
technology, it becomes a novel and important approach for development of avian ecology and
the prevention from avian influenza that avian can be imaged and identified accurately and
successfully based on high-resolution radar imaging technology. Because of small size of birds,
the ultra-large-wideband signal is necessary to be utilized for high range resolution. Frequency-
stepped chirp signal is a kind of high-resolution range signal with some special advantages such as
little instantaneous bandwidth and the virtue in synthesizing large bandwidth, and is considered
as the major signal to imaging for birds.

The bird’s moving status contains gliding status and flapping status. Because bird’s moving
velocity is generally very slow, on condition of few kilometers between targets and radar, bird
must fly determinate distances which are required for imaging, in order to achieve necessary cross-
range resolution during ISAR imaging. During this process, alternating changes between gliding
status and flapping status would take place usually. Hence, the ISAR images with traditional RD
algorithm could be contaminated, because of serious micro-Doppler effects generated by birds’
flapping wings. Thus, a new method of imaging for birds is proposed in the paper, on the basis
of identifying bird’s moving status accurately. This method is simple and valid to operate, which
avoids micro-Doppler extraction with lots of complicated computation burden. In the method,
the different parts of bird’s gliding spectrogram are connected without the flapping spectrogram
and the minimum waveform entropy criterion is employed for phase compensation. Finally, a
comparatively clear ISAR image can be achieved.

This paper is organized as follows: Section 2 describes the principle of ISAR imaging with
frequency-stepped chirp signal; a new imaging method for avian proposed in the paper is intro-
duced in Section 3; finally, some computer simulations are given in the last Section.
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Dependency Analysis of Backscattering from Ocean Surface on
Ocean Winds Using Airborne Dual-frequency Polarimetric

Synthetic Aperture Radar

Akitsugu Nadai, Toshihiko Umehara,
Tatsuharu Kobayashi, Takeshi Matsuoka, and Seiho Uratsuka
National Institute of Information and Communications Technology, Japan

Abstract— The environment of the coastal ocean depends strongly to the ocean wind field,
which has small-scale variation due to the topography. Therefore, the ocean surface wind field
with high spatial resolution is important to analyze the coastal environment. To measure the
ocean wind vector using single channel SAR, the external data is indispensable, because the winds
have two components. The coarse spatial resolution of the external data leads a measurement
error of ocean winds. In this paper, the dependency of backscattering from ocean surface on ocean
winds is analyzed between the parallel polarizations using the results of multiple observations in
same area in a short time by airborne dual-frequency polarimetric SAR with the L- and X-bands.

The dependency of NRCS of ocean surface on wind direction is analyzed with a geophysical model
function. For the X-band HH polarization, the asymmetric dependency on wind direction, that is
the difference of NRCS between the up- and down-wind conditions, is much larger than that of the
X-band VV polarization, though the symmetric dependencies are almost same. This peculiarity
of the asymmetric dependency of NRCS in the X-band suggests the possibility of measurement
of ocean surface wind only using the X-band polarimetric SAR data. The polarimetric rate of
X-band also changes with the wind direction. On the other hand, the dependency of the NRCS

in the L-band parallel polarizations is almost same.

This study suggests the possibility of the ocean surface wind measurement with high spatial

resolution using X-band polarimetric SAR.
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Wind Direction Extraction from Coastal SAR Images Using
Cross-spectral Method

Hiroyuki Saito and Yoshiharu Yamamoto
Hirosaki University, Japan

Abstract— A sensitive processing method for extracting the wind direction from SAR (syn-
thetic aperture radar) images is presented. We transfer SAR images to the image spectra using
two-dimensional FFT (fast Fourier transform) and take the integral of the image spectra between
the wave numbers 400 m and 800 m, which is containing wind direction signatures in L-band SAR.
From this and a reference signal (half or full wave rectified sinusoidal wave) we obtain the wind
direction by using cross-spectral analysis. To examine the potential of our method, a set of sim-
ulated images with various SNR (signal to noise ratio) are used. It is shown that, even if the
SNR is —30dB, the agreement is to within £3°. Therefore the processing technique we present
allows us the precise estimation of wind direction. We also use 23 JERS-1/SAR scenes from the
Tsugaru Strait located between Aomori and Hokkaido prefectures of Japan for the extraction of
wind direction. The wind directions retrieved from these images have been compared with in
situ wind data from the Kikonai, the Tappi and the Ooma lighthouse. Although the lighthouse
estimates is lacking in directional resolution (16 direction, 22.5° interval), the SAR estimates
obtained from spectra of 6.4-km-square images are shown to agree with the lighthouse estimates
to within a mean absolute error of 21°. The estimates difference may be related to the directional
resolution of in situ wind data, the SNR of JERS-1/SAR images, the effect of terrain around the
lighthouse, and the ocean current.
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Analyses of Synthetic Aperture Radar Images of Ocean Surface
under Influence of Typhoons

C. S. Yang', S. Taniguchi?, S. I. Hwang?, and K. Ouchi?

Ocean Satellite Research Group, Korea Ocean Research and Development Institute
Sa2-dong 1270, Sangnuk-gu, Ansan, Gyeonggi-do, 426-744, Korea
2Department of Computer Science, School of Electrical and Computer Engineering
National Defense Academy, 1-10-20 Hashirimizu, Yokosuka, Kanagawa 239-8686, Japan

Abstract— This paper describes the preliminary results on the analyses of synthetic aperture
radar (SAR) images of ocean surface affected by typhoons. Despite several reports [1,2], the
SAR images of dynamic ocean waves under spatially and temporally varying severe atmospheric
pressure such as typhoon and hurricane are not well studied due mainly to lack of data. In the
present work, attempts are made to retrieve the parameters of ocean waves from ALOS-PALSAR
images of the western coastal waters of Japan after the typhoon “SINLAKU” (number 200813)
passed on the 19th of September, 2008. Several other SAR data of typhoon affected seas are
sought, and the wave dynamics are investigated and discussed using the weighted cross-spectral
analysis [3].
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A Hybrid Approach Using MLCC and CFAR for the Improvement

of Ship Detection by Synthetic Aperture Radar

Seong-In Hwang and Kazuo Ouchi
Department of Computer Science, School of Electrical and Computer Engineering
National Defense Academy, 1-10-20 Hashirimizu, Yokosuka, Kanagawa 239-8686, Japan

Abstract— In January 2006, the Advanced Land Observing Satellite (ALOS) was launched
by JAXA (Japan Aerospace Exploration Agency), carrying a Phased Array L-band Synthetic
Aperture Radar (PALSAR). Although PALSAR is aimed mainly at land, it can be a strong
support to monitoring of maritime traffic, fishing control, surveillance of illegally operating boats,
and those responsible for oil pollution.

In most of the previous experiments, “unknown” ships whose sizes were fairly large compared
with SAR resolution cells were considered, but little was reported on the detection of “known”
and “small” boats. In a same manner as for validation of image classification using ground-truth
data, it is also essential to use “sea-truth” data in order to quantify the performance of ship
detection algorithms and SAR parameters.

One of the goals of this study is to improve SNR (Signal to Noise Ratio) and to keep a low level
constant false alarm rate combined with a high detection probability in the presence of clutter
background. In our previous paper [1], we compared the performance of PALSAR and several
ship detection algorithms, including MLCC (Multi-Look Cross-Correlation) [2], CFAR (Constant
False Alarm Rate) [3], CCF (Cross Correlation Function) of co- and cross-polarization images,
and 4-component decomposition analysis of polarimetric data [4], together with sea-truth data,
maritime radar and AIS. As a result, it was found that some highly correlated noise around the
targets still remained after applying MLCC, and therefore, the SNR of targets in the inter-look
coherence image was not high enough to detect the targets with high accuracy in the MLCC
method.

In order to improve SNR and high detection probability by MLCC, we propose, in the present
paper, a hybrid approach of ship detection combining MLCC and CFAR. In this method, a
probability density function (pdf) is first sought to describe the coherence image produced by
MLCC, and using this pdf, CFAR is applied to the coherence image. Through the proposed
approach, we are able to improve the SNR and keep a low level constant false alarm rate combined
with a high detection probability in presence of clutter background.

REFERENCES
1. Hwang, S.-I. and K. Ouchi, “Detection of small fishing vessels by ALOS-PALSAR — Compar-
ison of PALSAR modes and algorithms,” IEICE Tech. Rep., Vol. 108, No. 76, 35-40, 2008.
2. Ouchi, K., etal., “Ship detection based on coherence images derived from cross-correlation of
multilook SAR images,” IFEE Trans. Geosci. Remote Sens. Lett., Vol. 1, 184-187, 2004.
3. Sekine, M. and Y. Mao, Weibull Radar Clutter, Peter Peregrinus, London, 1990.
4. Yamaguchi, Y., et al., “Four-component scattering model for polarimetric SAR image decom-

position,” IFEFE Trans. Geosci. Remote Sens., Vol. 43, No. 8, 1699-1706, Aug. 2005.
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Estimation of Coniferous Tree Biomass by Second Intensity Moment
from High-resolution Cross-polarization SAR Images

Kazuo Ouchi' and Haipeng Wang?

!'Department of Computer Science, School of Electrical and Computer Engineering
National Defense Academy, 1-10-20 Hashirimizu, Yokosuka, Kanagawa 239-8686, Japan
2Key Laboratory of Wave Scattering and Remote Sensing
Department of Communication Science and Engineering
School of Information Science and Engineering
Fudan University, Shanghai 200433, China

Abstract— In our previous papers [1, 2], a regression model was developed to estimate conifer-
ous tree biomass from hight-resolution airborne Pi-SAR (Polarimetric interferometric-Synthetic
Aperture Radar) data. The model utilizes the strong correlation between the order parameter
of the K-distribution in the cross-polarized amplitude images and “ground-truth” biomass mea-
sured in the Tomakomai national forests in Hokkaido, Japan. The comparison of model-based
biomass and ground-truth biomass showed the model accuracy of 86% per forest stand.

In this paper, we present a new regression model using the same set of data as those used in the
previous work [1,2]. The new model is based on the relation between the second intensity moment
of the cross-polarized Pi-SAR images and the ground-truth biomass. This moment model is robust
in such a way that it does not require any probability density function which fits best to the
observed image statistics, while keeping the ability of estimating biomass beyond the saturation
limits of the conventional RCS (Radar Cross Section)-based models. In this presentation, we first
give a brief description of the K-distribution model, followed by the regression analysis of the
second intensity moment and ground-truth biomass. The accuracy of the moment model is then
examined, and comparison is made between the moment model and K-distribution model. It was
found that the accuracy of the moment model is 85% per stand, similar to the K-distribution
model, and that the moment model underestimates the true biomass, while the K-distribution
model overestimates the true biomass. This is because the second instensity moment is inversely
proportional to the order parameter of the K-distribution. Finally, the moment model function
is computed using all sets of ground-truth data, and as an example, a biomass map of the forests
surrounding the test stands is produced using the model function.

REFERENCES

1. Wang, H. and K. Ouchi, “Accuracy of the K-distribution regression model for forest biomass
estimation by high-resolution polarimetric SAR: Comparison of model estimation and field
data,” IEEFE Trans. Geosci. Remote Sens., Vol. 46, No. 4, 1058-1064, 2008.
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M. Matsuoka, T. Moriyama, and S. Uratsuka, “In search of the statistical properties of high-
resolution polarimetric SAR data for the measurements of forest biomass beyond the RCS
saturation limits,” IFEFE Trans. Geosci. Remote Sens. Lett., Vol. 3, No. 4, 495-499, 2006.
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Investigation on Volume Scattering for Vegetation Parameter

Estimation of Polarimetric SAR Interferometry

Y. S. Zhou®?3, W. Hong!'2, and F. Caol'?

!National Key Laboratory of Microwave Imaging Technology, China
Institute of Electronics, Chinese Academy of Sciences, China
3Graduate University of Chinese Academy of Sciences, China

Abstract— This paper investigates the volume scattering for the vegetation parameter es-
timation of Polarimetric Interferometric Synthetic Aperture Radar (Pol-InSAR) through three
aspects. The first is to describe the volume scattering with models. The second is to investigate
various factors that influence the volume scattering coherence. The third is to discuss the choice
of radar parameters for a better estimation of vegetation parameters.

The Pol-InSAR technique is a combination of SAR interferometry and SAR polarimetry and
has already shows its effectiveness and sensitivity to volumetric structures. It has been applied
to parameter estimation of volume scatterers (e.g., forest height, extinction coefficient) based
on the coherence diversity of the volume scattering with polarization. In order to improve the
performance of estimation, it is necessary to investigate the volume scattering in detail within
the scope of Pol-InSAR.

Firstly we present the models (e.g., Radon Volume over Ground (RVoG) and Oriented Volume
over Ground (OVoG) model) for describing the volume scattering and analyze the interferometric
properties of volume scattering as well as the polarimetric properties of volume scattering.

Secondly we investigate the effect of volume height, extinction coefficient, radar operational
frequency, incident angle, and baseline length on the volume scattering coherence based on the
RVoG and OVoG model respectively.

Then we describe a method to simulate Pol-InSAR data based on the RVoG model. With the
simulated Pol-InSAR data, we investigate the effect of volume height, extinction coefficient, radar
operation frequency, incident angle, baseline length on the estimation accuracy of vegetation
parameters. Contrarily, for a given accuracy requirement of vegetation parameters, the allowable
ranges of radar parameters for the acquisition of Pol-InSAR data is derived.

We conclude that the proper modeling of volume scattering and the suitable choice of radar
parameters are important for a better estimation of vegetation parameters.
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An Improvement of Vegetation Height Estimation Using
Multi-baseline Polarimetric Interferometric SAR Data

Y. S. Zhou!?3, W. Hong' 2, and F. Cao!*?

!National Key Laboratory of Microwave Imaging Technology, China
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3Graduate University of Chinese Academy of Sciences, China

Abstract— This paper proposes a method for improving the estimation accuracy of vegetation
height using multi-baseline Polarimetric Interferometric Synthetic Aperture Radar (Pol-InSAR)

data.

Single-baseline Pol-InSAR technique has been applied to retrieve vegetation parameters based
on the Random Volume over Ground (RVoG) model. There are two main error sources which
may decrease the estimation accuracy. One is the non-volumetric decorrelation, such as thermal
noise decorrelation, temporal decorrelation, quantization and coregistration decorrelation, etc.
The other is the ideal assumption that volume-only coherence can be acquired in at least one
polarization. This assumption may fail when vegetation is thick and dense, or penetration of
electromagnetic wave is weak. These two problems have been solved by Cloude [IGARSS’00] and

Zhou [IGARSS’08] respectively.

We now propose a method to solve both the abovementioned two problems at the same time
(not respectively) based on the use of multi-baseline Pol-InSAR data. We first analyze the two
main error sources and construct an inversion model based on the RVoG model to represent
these error sources. This model consists of 8 unknowns, but conventionally, single-baseline Pol-
InSAR data provides only six independent observables. Since multi-baseline data could provide
more observables than the unknowns, it may be possible to solve the problem successfully. Then
with the constructed model, we present the inversion procedure for estimating vegetation height
using the multi-baseline Pol-InSAR data. The performance of this new method is validated using
simulated Pol-InSAR data, and the ratio between each baseline length and their effect on the

estimation accuracy are also discussed.
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Analysis on SAR Optimization of Polarimetric Contrast
Enhancement

Qiong Zhang" %3, Fang Cao' ?, and Wen Hong' 2
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3Graduate University of Chinese Academy of Sciences, China

Abstract— The study on Optimization of Polarimetric Contrast Enhancement (OPCE) has
been a key point for a long time. The methods solving the OPCE problem are usually com-
prised of analytical and numerical algorithms. Ioannidis etal. first developed a method using
Lagrange Multipliers for OPCE, which was subsequently verified from programming by Cad-
zow and Swartz. Afterward, Yang etal. researched mainly on the numerical methods solving
the problem, which was split into coherent case and incoherent case. For the coherent case, a
method named Sequential Unconstrained Minimization Technique (SUMT), which focused on
settling a minimized polarimetric scattering power function, was developed. SUMT made the
traditionally analytical method altered from confirming single matched optimal vector for both
of radar transmitting and receiving into respectively confirming the optimal transmitting and
receiving vectors. However, although this method presented to be better than those using Co-Pol
Nulls of the clutter, it needed too much iteration and may be not better enough than the form
of a numerical model ascertaining polarimetric contrast. Then a numerical optimal method for
the incoherent case was fully developed. This method was based on the contrast enhancement
in the matched-polarized channel, could confirm different transmitting and receiving polariza-
tion states, fitted for the Kennaugh data matrices and could converge very fast. Generalized
OPCE (GOPCE) algorithm was later developed and it introduced Similarity Parameters and
Cloude Entropy, which showed more polarimetric information for analyzing targets scattering
characteristics and better efficiency for roads discrimination from forest area.

This paper, in which the opinions could be effective indeed, studies the main methods for solving
OPCE problems, presents better analysis and comprehension, and proposes some new ameliora-
tions or advices for the algorithms.
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On the Need of Developing Multi-Band Differential POLinSAR

Theory and Algorithms for Remote Sensing and Monitoring of
Natural Environments and Severe Environmental Stress Changes

Wolfgang-Martin Boerner' and Kun-Shan Chen?

'ECE/CSN Laboratory, University of Illinois at Chicago, USA
2Center for Space & Remote Sensing Research, National Central University, Taiwan

Abstract— Worldwide, medium- to short-term earthquake prediction is becoming ever more
essential for safeguarding man due to an un-abating population increase, but hitherto there have
been no verifiable methods of reliable earthquake prediction developed — except for a few isolated
examples of earthquake prediction in China and in Greece. This dilemma is a result of previous
and still current approaches to earthquake prediction which are squarely based on the measure-
ment of crustal movements, observable only after a tectonic stress-change discharge (earthquake)
has occurred. The prediction models were derived from past histories of measurements, mainly
carried out during the past 30-40 years, although initiated soon after the San Francisco Earth-
quake of 1906. During the past decade it was proved and shown that it is not possible to derive
reliable models for earthquake predictions from crustal movement measurements alone, and that
an entirely new approach must be sought and rigorously pursued over years and decades to come.

In support of this conclusion, there have been reported throughout the history of man anecdotal
historical up to scientifically verifiable earthquake precursor or “seismo-genic” signatures of var-
ious kind — biological, geological, geo-chemical and especially a rather large plethora of diverse
electromagnetic ones on ground, in air and space, denoted as “seismo-electromagnetic” signatures.
The existence of all of these signatures can no longer be denied even by the fiercest seismolog-
ical expert opponents; and it is absolutely high noon that those signatures be more rigorously
assessed in order to develop a strategy for designing and carrying out controlled “seismo-genic”
and “seismo-electromagnetic” studies on how to set up world-wide a network of measurement
sites for conducting a holistic set of measurements for providing an improved understanding on
why and how such precursor signatures are generated, and how and where those may best be
observed subject to the rather poor signal-to-noise ratio (SNR), requiring much improved digi-
tal instrumentation as time goes on due to the ever increasing man-made electromagnetic noise
generation. Another viable novel method of detecting pre-seismic, co-seismic and post-seismic
surface deformations is made available by the compatible rapidly advancing air- & space-borne
Repeat-Pass Polarimetric Differential SAR Interferometry technology, now gaining increased ap-
plicability with the advent of the first fully polarimetric satellite SAR sensors such as the Japanese
ALOS-PALSAR, the German Tandem TERRASAT-X 1 & 2 and the Canadian RADARSAT-2.

Similarly, the question on whether there do exist reliable prediction methods was answered long
ago by the fauna living within the coastal littoral zone that are affected by tsunamis. Especially
during the last devastating “Boxing Day — 041226 Tsunami” there were many verifiable episodes
on how fish escaped the affected coastal region in time, elephants and other non-domesticated
animals rushed for higher ground locations well in time before the tsunami crest approached.
Indirectly, these observations provide proof that some electromagnetic or more likely infrasonic
local warning signatures are received by these creatures relatively long before the approaching
tsunami strikes. We presume that the signatures could be infra-sonic waves travelling at high
speeds as under-water surface waves that could be detected by marine fauna as well as coastal
animals and birds observing such precursors and acting instinctively without delay. Tsunamis
have existed for eons and fauna of the affected coastal region has developed instinctive warning
mechanisms — to be explored.

We require a more far-reaching ocean mapping technique which covers the affected wider region of
for example the entire Indian Ocean — for now excluding satellite observations — from Sumatra
around India to the African Coast from Somali down to the Cap. Next to implementation of GPS
indirect telemetry due to ionospheric interaction of the transverse tsunami waves, such a device
exists in principle, and it is based on the high-energy transmission and reception capabilities of
the HF-OTHR (High Frequency — Over-The-Horizon-Radar) which makes use of the Ionosphere
as a reflector. The HF-OTHR can detect minute disturbances in the atmosphere via troposphere
to lower mesosphere but also minute changes of the relative ocean surface height at the order
of several centimeters. Although major ionospheric disturbances may impact high resolution
ocean surface imaging, it is however possible to detect instantaneously the initiation, the rapid
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spreading of ocean-height and density changes generated by tsunamis and its impact on close to
distant coastal shores indirectly again due to transverse tsunami ocean wave interaction with the
ionosphere.
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BGP Security Configuration in ISP Networks

Hexing Wang'!, Cuirong Wang', and Ge Yu?

!Northeastern University at Qinhuangdao, Qinhuangdao 066004, China
2School of Information Science and Engineering, Northeastern University
Shenyang 110004, China

Abstract— The Border Gateway Protocol (BGP) is the de facto inter-domain routing protocol
used to exchange network reachability information between ISP networks in the global Internet.
The border gateway router of ISP network runs BGP protocol and maintains a table of prefixes
designating IP networks that can be reached. However, as the Internet routing infrastructure,
BGP is vulnerable to both accidental misconfigurations and malicious attacks because it trusts
unverified control plane information received from its peers.

This paper considers the security risks of BGP system and surveys works relating to BGP se-
curity. While a number of enhanced protocols for BGP (such as S-BGP, SO-BGP, PGBGP,
etc.) have been proposed to solve BGP security problem, these generally relay on a public key
infrastructure or a central authority like ICANN, or require substantial changes to the protocol,
hence none of them has been widely deployed. We present a security configuration framework
based on currently available technologies to improve the security of BGP routers. The security
configuration framework provides a set of guidelines to protect the BGP routers from miscon-
figurations and malicious attacks. We describe the countermeasures and security mechanisms of
BGP system when it encounters potential attacks, such as BGP peer spoofing, BGP session hi-
jacking, malicious or unallocated route injection, etc. We also discuss how to use sinkhole tunnel
technology together with the enhanced black hole routing technology triggered by BGP to reduce
the attack damage when DOS/DDOS attacks occur. Our proposition is easily deployable in ISP
networks without additional cost and can effectively improve the security of BGP system.
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An Iterative QRD-M Detection Algorithm for MIMO
Communication System

L. Liu, J. K. Wang, D. M. Yan, J. Gao, and Z. B. Xie
School of Information Science & Engineering, Northeastern University
Shenyang 110004, China

Abstract— Multiple input multiple output (MIMO) has been considered as a promising tech-
nique for its potential to significantly increase the spectral efficiency and system performance.
Lots of detection algorithms have been proposed for MIMO systems in the literature. Among
them, maximum likelihood detection (MLD) algorithm provides the best bit error rate (BER)
performance. However, the complexity of MLD exponentially increases with the constellation
size and the transmit antenna number. Therefore, it is impractical to use a full MLD without
reducing its computational complexity, because it would be prohibitively large for implementa-
tion. Recently, several detection algorithms for MIMO systems achieving near-MLD performance
have been proposed. The use of QR decomposition with an M-algorithm (QRD-M) and sphere
decoding (SD) have been proposed to provide a tradeoff between the system performance and
complexity in MIMO communications. However, with the exception of some special cases, their
complexity still grows exponentially with increasing dimension of the transmitted signal. More-
over, the complexity of SD has big variations at different SNR values, which results in impractical
to use in hardware implementation. To reduce these problems, a new detection scheme, named
as iterative QRD-M (IQRD-M), is proposed in the paper. After performing QR decomposition
of the channel matrix, the exhaustive search of the last layer is done, the accumulated metrics
are calculated and sorted, which gives an order set of the last layer, then QRD-M algorithm are
used to search the left layers with novel termination methods. The proposed algorithm provides

the more near-ML performance and with low complexity.
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Reconstruction of Multi-component Signals Based on Quasi Fourier
Transform

Gang Bi and Yu Zeng
School of Information & Electrical Engineering
City College, Zhejiang University, Hangzhou 310015, China

Abstract— Parameter estimation and reconstruction of multi-component linear or nonlinear
frequency modulated signals have a variety of applications, including sonar, radar and other
communications. These signals have time-varying spectral properties and the Time-Frequency
Representation (TFR) has been proved to be a powerful tool in analysis of such signals [1, 2].

In this paper, a novel time-frequency analysis technology named Quasi Fourier Transform is
proposed for reconstruction of multi-component signals, and properties of this method are inves-
tigated. The QFT is as follows:
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Some properties of the QFT are investigated as follows:

1. With a(t) = 1, the QFT becomes the classical Fourier transform.
2. From the definition of the QFT, we can reach the conclusion:
[t
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Suppose that there are two component in the Time-Frequency Domain (TFD), as showed
in Figure 1, where signal refers to s1(¢) and noise to sa(t). By using QFT, these two signals

can be separated by a reasonable curve a(t). The function so(t) = 5= exp(j fg a(T)dr) will
be transformed to a Dirac function §(& — @) in the & frequency domain by F,.

3. The QFT is a process of TFD mapping based on «(t). Let w = «(t) in Eq. (1). The Quasi
STFT can be defined as follows:

S(t, W) = 7= / s(T)h(r — t)e 77 dr (3)
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Figure 1: Spectrogram of signal s(t).
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Specifically, multi-component signals can be described as:

N
s(t) =) silt) = Y Au(t) exp(jpi(t)) (4)
i=1 i=1
where A;(t) are amplitude modulated coefficients and w;(t) = d%t(t) are the IF’s.

Considering a multi-component signal s(¢) which contains two nonlinear FM components s (t)
and sa(t) as

5(t) = s1(t) + so(t) = 327515 exp(5(0.07¢3 — 2t + 38t))
+205in(0.6t) exp(j(—100 exp(—0.2t) + 0.017t%)) (5)

Figure 1 shows the spectrogram of this multi-component signal, where the window functions is

h(t) = \/ge_tZ. Figure 2 shows reconstruction results of the multi-component signal s(t) in the

time domain.
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Figure 2: Comparison of the reconstructed signals and the original signals, (a) Multi-component signal, (b)
Signal s1(t), (c) Signal s2(t), (d) Reconstructed signal s} (¢), (e) Reconstructed signal s4(t), (f) Reconstructed
signal s5(t) using optimal filtering based on FRFT.
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A QFT is proposed for the reconstruction of nonlinear frequency modulated and amplitude
modulated multi-component signals. This method transforms signals which are aliased in the
frequency domain, into the quasi frequency domain where the resulting spectra can be easily
separated. The simulation results indicate that this method produces reliable reconstructed
signals.

REFERENCES
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2. Ozdemir, A. K. and O. Arikan, “Fast computation of the ambiguity function and the Wigner
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Optimal Adaptive Waveform Selection for Target Tracking

B. Wang, J. K. Wang, X. Song, and F. L. Liu
Northeastern University, China

Abstract— Based on the new development of hardware of digital waveform modulator, perfor-
mance of resolution, detection probability and tracking accuracy of radar system is substantively
improved through adaptively adjusting parameters of transmitted waveform. Optimal waveform
selection is an essential problem with the aim of selecting the optimal waveform and tracking
targets with more accuracy. The problem of adaptive waveform selection can be viewed as
stochastic dynamic programming. However, suitable scheduling algorithms are lacked, and opti-
mality equations are themselves computationally intractable as a result that state variable space
is very large.

To account for the aboved shortcoming, we can use forward dynamic programming algorithm ap-
proximating the expectation, which is one method of approximate dynamic programming (ADP).
ADP offers a powerful set of strategies for problems that are hard because they are large. In this
paper, based on stochastic dynamic programming model, we will show how to use this method to
solve adaptive waveform scheduling problem. According to Bellman principle, Bellman’s equation
of waveform selection is gained. Then forward dynamic programming algorithm approximating
the expectation is used to solve this equation effectively. The result is that we can minimize target
tracking errors. And the problem of optimality equations themselves computationally intractable
can be solved effectively.

The format of the reminder of this paper is as follows. In Section 1, the whole paper is briefly
introduced. In Section 2, stochastic dynamic programming model of adaptive waveform selection
is set up. In Section 3, forward dynamic programming algorithm approximating the expectation
is used to solve adaptive waveform scheduling problem. In Section 4, how to chose parameters
and reward function is introduced. In Section 5, the whole paper is summarized.
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Adaptive Cooperative Coding in Fast Rayleigh Fading Channel
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Abstract— The relay technique is an effective way to enlarge the cell coverage and enhance
the spectral efficiency in wireless network. A mnovel cooperative transmission protocol based
on the channel coding, named the adaptive cooperative coding (ACC), has been proposed in
our previous work. This ACC protocol is implemented by transmitting the rate-compatible
punctured convolutional code (RCPC) sequence and its complementary punctured convolutional
(CPC) sequence during the two-hop transmission. In this paper, we discuss and evaluate the
ACC protocol performance in the fast and slow Rayleigh fading channel. The strict performance
upper bound and its asymptotic expression are derived by the mathematical analysis. Through
Monte Carlo simulation, the performance upper bound is proved to be tight with the simulation
result, and the ACC protocol outperforms the traditional single hop (SH) transmission due to
the considerable cooperative diversity, while maintaining the same transmit rate and power as
that of the SH transmission.
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MAC Scheduling Schemes and Cross Layer Optimization for IEEE
802.15.3

G. D. Yang', L. Rong?, R. F. Lin', and Y. Du!
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2Shanghai Research Center for Wireless Communications, Shanghai 200050, China

Abstract— In this paper, the performances of varieties of HDR MAC scheduling schemes
are examined. The scheduling schemes under investigation include 1) the shortest remaining
processing time rule (SRPT); 2) the exponential rule (EXP); 3) the modified largest weighted
delay first rule (M-LWDF); 4) the proportionally fair rule (PROP-FAIR); and 5) the maximum
rate rule (MAX-RATE), most of which take advantage of wireless channel conditions to improve
channel utilization. In addition, M-LWDF rule and EXP rule provide QoS guarantee to user
traffic as well. The performances were studied under large number of simulation using ns-2,
which take node mobility, channel fading and traffic characteristics into consideration in order
to make the results more realistic. We also studied the performance gain of scheduling scheme
combined with some cross layer mechanisms, including frame-decodability aware mechanism for
MPEG traffic, adaptive MAC fragment size adjustment and Hybrid ARQ. The results show that
with channel aware scheduling schemes, we provide a robust system, the performance of which
has been greatly enhanced in particular with optimization mechanisms.
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A Robust Beamforming Method Based on Space-time Averaging
Techniques

Ruiyan Du and Jinkuan Wang
Engineering Optimization & Smart Antenna Institute
Northeastern University at Qinhuangdao, Qinhuangdao, China

Abstract— Robust beamforming is a ubiquitous task in array signal processing with applica-
tions, among others, in radar, sonar, acoustics, astronomy, seismology, wireless communications,
and medical imaging, etc. Without loss of generality, we consider herein beamforming in array
processing applications. Because of strict restrictions on the number of available snapshots, signal
mismatches, or calibration errors, robust array beamforming has drawn considerable attention
in the past years. In order to achieve high interference suppression and signal-of-interest (SOI)
enhancement, an adaptive array must introduce deep nulls in the direction of arrival (DOA) of
strong interferences, while keeping the desired signal distortionless. In subspace-based beamform-
ing methods, it is clear that the performance of beamforming is directly determined by quality of
correlation matrix. The conventional method of correlation matrix estimation is to average the
output of sensor array. For a uniform linear array (ULA), the structure of correlation matrix of
array output is Hermitian and Toeplitz. Based on this property, a robust beamforming method
based space-time averaging techniques is presented in this paper. This proposed method can
provide increased robustness against the mismatch problem as well as additional control over the
sidelobe level. The simulation results show that the beamforming performance of the proposed
method can be improved, especially on the condition that signal-to-noise ratio is low and the
number of snapshot is not enough.
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An Optimal ADP Algorithm for Waveform Selection in Cognitive
Radar Systems

Fulai Liu and Jinkuan Wang
Engineering Optimization & Smart Antenna Institute
Northeastern University at Qinhuangdao, China

Abstract— One of the major issues in cognitive radar is obtaining an adaptive transmitting
waveform based on environmental measurements. Modern phased array radars, with flexible
waveform generation and beam steering capability, are able to adaptively modify their perfor-
mance to suit a variety of environments. This power has not yet been fully exploited, in part
because of the lack of suitable scheduling algorithms. In this paper, we consider the problem of
adaptive waveform selection for tracking a single target in clutter using a cognitive radar with a
fixed set of waveforms. The aim is to select the best sequence of waveforms to track the target
with the highest possible accuracy. The problem of adaptive waveform selection is considered as
the multistage stochastic problems, in this paper. For target tracking in cognitive radar system,
an optimal approximate dynamic programming algorithm is proposed, taking account that the
probability distribution of the underlying stochastic process is not known and the state space
is too large to be explored entirely. This presented method combines Monte Carlo simulation
in a pure exploitation scheme, in order to construct concave piecewise linear functions approx-
imations. The function slopes are updated through stochastic approximation integrated with a
projection operation. The result is a scheduling algorithm that minimises target tracking errors.
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Reflection Cancellation from High Speed Transmission Line

Salahuddin Raju', S. M. Salahuddin?, and Ishfaqur Raza?

IDepartment of Electrical and Electronic Engineering
American International University-Bangladesh, Bangladesh
2Department of Electrical and Electronic Engineering
East-West University, Bangladesh

Abstract— An IO driver architecture is presented here to compensate scattering in high speed
transmission line circuits. In this methodology a system is calibrated initially to measure system
response to a step or a lone pulse. The IO driver is then programmed to generate measured pulses
at designated interval to compensate scattering responses due to impedance mismatch in the sys-
tem transmission line. The compensation is done for every single bit or pulse transmitted from
the driver end to eliminate sustained reflections and resonances. This methodology is demon-
strated with high speed design tool. The architecture of the driver and calibration methodology
is also outlined.
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Special Approach for Estimation Ground Target Position in Passive
Location

E. P. Voroshilina and V. I. Tislenko
Research Institute of Radiotechnical Systems, Tomsk, Russia

Abstract— Ground target tracking is difficult and actual problem. Because of the high target
density and maneuverability, high clutter, low visibility due to terrain masking, etc., ground
target tracking presents unique challenges not present in tracking other types of targets. But
many tracking approaches have been developed for air targets and they may poorly when used
to track ground targets.

This article includes results of the research work in estimation radar position in passive range-
difference location. Radio source is not moving and perform circular scan. Signal from it is
received in three points. But beside true measurements there are false measurements originated
by clutter. Usually clutter measurements are modeled as independed identically distributed. But
processing real experimental data shows that in cross-country it distribution may be multimodal.
Therefore standard tracking algorithms are not efficient in this situation. Multimodal distribution
is caused by re-reflected signal from underlying terrain. Some ground objects re-reflect signal and
imitate true target.

We propose special approach to decide problem of position estimation in such high clutter en-
vironment and verify it on experimental data. Our algorithm consist of three part: 1 — track
initiation, 2 — target state estimation (filtration), 3 — target identification (define class target
— true or re-reflected object). Computer simulation shows that this algorithm works effectively.
Estimation position error is about 50 meters on distance 2 Km long.
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Exposure Standards for Radio Frequency Pulses

M. R. Murphy
Directed Energy Bioeffects Division, 711th Human Performance Wing
Air Force Research Laboratory, Brooks City-Base, Texas, USA

Abstract— Concomitant with the ever increasing use of Radio Frequency (RF) energy, there
is also an increase in the opportunity, even certainty, for increased human exposure to RF emis-
sions. Also, the nature of the exposures are entering new regimes, with possible exposure to RF
pulses of nanosecond and picosecond duration and with extremely high-peak electric fields be-
coming more common Scientifically based human exposure standards are needed to both protect
humans from the real hazards of exposure to RF pulses and to provide a relatively stable base
for maximal safe exploitation of RF pulse-based technologies. Two widely used international
RF exposure standards, one produced by the IEEE International Committee on Electromangetic
Safety (ICES) (http://www.ices-emfsafety.org) “C95.1: IEEE Standard for Safety Levels with

Respect to Human Exposure to RF Electromagnetic Fields 3KHz to 300 GHz” (2005), and
the other by the International Commission for Non-Ionizing Radiation Protection (ICNIRP)
(http://www.icnirp.de) “Guidelines for Limiting Exposure to Time-Varying Electric, Magnetic,
and Electromagnetic Fields (up to 300 GHz)” (1998), are similar in the total RF energy allowed
within a specified averaging time, but differ greatly in their guidelines for limiting exposure to
single RF pulses. IEEE ICES basic restrictions limit the Specific Absorption (SA) in any one
pulse to 28.6 J/Kg and limit the peak e-field for any single pulse to 100 KV/m. ICNIRP basic
restrictions limit the energy per pulse to 0.01 J/Kg (occupational exposure) or 0.002 J/Kg (public
exposure) for any exposure that includes the head, but has no limit for peak e-field. The IEEE
ICES limit on peak e-field is based on the possibility of air breakdown and subsequent spark
discharge, whereas the ICNIRP limit on SA(J/Kg) is based on a concern to avoid the microwave
hearing phenomenon. Thus, the basic restrictions for these two standards differ by as much as
14,300 times for the SA of a pulse and one controls peak e-field and the other does not. There
is little scientific data to assure the public or industry that these limits are either safe or unnec-
essarily ultraconservative. With the increasing capability to emit shorter and higher pulses into
the environment, additional mechanistic and safety research and predictive modeling are needed
to develop a new generation of scientifically-based safety limits for pulsed RF exposure.
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Low-level Pulsed Microwave Auditory Effect

C.-K. Chou
Corporate EME Research Laboratory, Motorola, Fort Lauderdale, Florida, USA

Abstract— Pulsed microwaves have been heard as sound by radar operators since radar was
invented during World War II. In early 60’s, a series of papers described the hearing phenomenon
in a more controlled environment. In the 70’s, we found that regardless of the peak power and
pulse width the threshold was related to an energy density of 40 uJ/cm? per pulse, or a peak
of specific absorption (SA) of 16 wJ/g per pulse [1]. At a low repetition rate, each individual
pulse could be heard as a distinct click. Sound localization was impossible since the sound was
heard inside the head. Subjects with high frequency hearing loss (above 5KHz) cannot hear
the RF sound. The RF sound may be perceived as clicks, buzzes, or hisses depending on the
modulation characteristics of the microwaves. The threshold energy density per pulse for the
auditory sensation is very low (240 wJ/cm?). The maximal rise in temperature of the exposed
tissue is on the order of 107 to 107%°C for exposure of an individual pulse at the threshold of

energy density.

To better understand the microwave-induced auditory responses and to determine the thresholds
of the effect, studies have been conducted using electrophysiological recordings and behavior
paradigms in controlled experiments with laboratory animals. Data have been obtained from
cochlear potentials recorded at the round window, from single-unit responses recorded at the
eighth nerve, from evoked potentials recorded at various locations of the auditory pathway (eighth
nerve to auditory cortex), and from surface potentials picked up by scalp electrodes. Behavioral

studies include aversive behavior, discriminative control, and audiogenic seizures.

Microwave hearing is most easily explained by the mechanism of thermoelastic expansion [2], i.e.,
absorption of microwave energy produces non-uniform heating of the exposed head; a thermoe-
lastic wave of pressure is then launched, presumably through bone conduction, to the cochlea
where it is detected. After auditory-nerve excitation in the high-frequency portion of the cochlea,
transmission of the microwave-induced neural response follows the same auditory pathways as
do all of the acoustically induced responses through the brainstem and thalamus to the auditory

cortex. Two reviews are available on this subject [3,4].

From the above studies, it can be concluded:

Microwave hearing is a proven low-level pulsed RF effect in animals and humans.
Mechanism of the effect is understood.

The effect is thermally induced.

Hearing effect is not hazardous.

ARG

tionship, and to understand its mechanism.
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Studies on Effects of High Power Microwaves in Cell Cultures

M. Risling!, E. Malm!, M. Angeria', and L. Malmgren?

!Department of Neuroscience, Karolinska Institute, Stockholm, Sweden
2MaxLab, University of Lund, Sweden

Abstract— In previous studies we have reported a decrease in the content of the cytoskeletal
protein tubulin in endothelial cells exposed to multiple pulses of high power microwaves (HPM).
It may be assumed that a downregulation of tubulin could affect the complex structure of neu-
ronal dendrites. In this study we have examined the effect of HPM in cultures of neurons from
the hippocampus of rat embryos. The neurons were exposed to 1.6 GHz HPM pulses with a du-
ration of 0.55 microseconds and a field strength of 21.7 KV/m. The spacing between the pulses
was 3.3ms and the cells were exposed for 10 seconds—12 minutes. This relation between pulse
duration and spacing is not assumed to produce heating in the tissue. The cultures were fixed and
labeled with antibodies against tubulin and MAP2 (a microtubule associated protein) after 2, 6,
24 or 72hours. The specimens were examined with a confocal microscope. The results showed
extensive changes in dendrite structure in cultures exposed for more than 90000 pulses. This ef-
fect could be observed already 2 hours after exposure. Dendrite structure was gradually but not
completely restored. In a subsequent study cultures of the rat C6 glia line were exposed to 90000
pulses of HPM with the same field parameters. After 24 hours the cultures were prepared for
high-density oligonucleotide arrays and hybridized to each GeneChip® Rat Gene 1.0 ST Arrays
(Affymetrix). Following normalization, the change in gene expression between the three control
cultures and and three exposed cultures at each survival time was compared using an un-paired
t-test. Low to moderate changes was observed in about 500 of the more than 27000 examined
genes. This included changes in about 100 olfactory receptor genes. No significant changes in
genes for cell death, cytoskeleton, inflammation or heat shock proteins were found. We conclude
that the observed effects on tubulin probably are related to changes at the protein level and not
a decrease in the expression of the mRNA for tubulin. In future studies, it will be important to
reveal the threshold thermal effects in cells exposed to this type of fields.
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Effects of Localised Pulsed Heating on Electrophysiological
Responses in Brain Slices

J. E. H. Tattersall, N. C. D. Mifsud, I. R. Scott, and A. C. G. Green
Biomedical Sciences Department, Dstl Porton Down, Salisbury, Wiltshire SP4 0JQ, UK

Abstract— Exposure guidelines based on time-averaged heating effects of radiofrequency (RF)
fields do not adequately address exposures to high peak power signals with low average power.
Previous studies in our laboratory suggested that in vitro exposure to RF fields can affect both
evoked and spontaneous electrical activity in rat hippocampal slices [3]; however, our more recent
experiments have demonstrated that these effects may be explained by localised heating produced
by interaction of the RF fields with the recording and stimulating electrodes [2]. We are now
exploiting this electrode-mediated heating artefact to explore the effects of short pulses of localised
heating on neurotransmission in the brain tissue. The results of this work will help to inform
thermally-based standards for limiting exposures to pulsed RF fields.

Extracellular field potential responses were recorded in hippocampal slices prepared from adult
rats and exposed to 380 MHz RF fields in a parallel plate transmission line [3]. An infrared
camera (Cedip Infrared Systems Jade) was used to image the brain slice and the electrodes
in order to measure the heating produced during RF exposure. This camera has a theoretical
thermal resolution of 0.025°C and each pixel on the sensor corresponded to approximately 200 pm

at the brain slice target. The acquisition rate was 50 frames.s~!.

Initial experiments investigated the relationship between heating duration and the temperature
rise required to abolish the evoked field potential recorded in CAl. For RF pulses at an input
power of 100 W into the transmission line, the field potential was abolished at a pulse duration
of 20ms. For a lower input power of 10 W, a longer duration of exposure of 2s was required to
abolish the evoked field potential response. The pulse duration of 20ms at 100 W produced a
peak temperature increase to 58°C from the perfusion temperature of 33°C, a rise of 25°C. A
plot of temperature increase against exposure duration showed an initial rate of temperature rise
of 1438°C.s™!. Assuming a specific heat capacity for brain tissue of 3850J.Kg=1.°C~1! [1], this
represents a specific absorption rate of RF energy of 5.54 MW.Kg~!, which is far higher than
could be achieved without exploiting the electrode heating artefact.

These results demonstrate that the RF-induced electrode artefact can be exploited to study the
effects of millisecond periods of heating on neurotransmission in brain tissue, enabling the rela-
tionship between thermal threshold and heating duration to be determined. Future experiments
will determine the threshold temperature rise for changes in the evoked field potential for a range
of durations of RF exposure. The minimum heating duration that can be investigated is limited
by the frame capture rate of the infrared camera.

This work was carried out as part of the Electronics Systems Research Programme for the Ministry
of Defence.
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Biological Effects of High Power Microwaves
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Avenue du Général de Gaulle-94704 Maisons Alfort Cedex, France

Abstract— High power microwaves can be used to inhibit electronic systems or to neutralise
people. The aim of this study is to study the effects of high power microwaves on the central
nervous system, and mainly on behaviour and the effects on astrocyte cell population indicating
an inflammatory process.

Six-week rats were exposed to two different sources with pulse trains emitted at a repetition rate

of 100 Hz.
Source 1 Source 2
Beam diameter at output 13cm 22 cm
Frequency 10 GHz 3.8 GHz
Total emitting power 350 MW 500 MW
Pulse duration 1ns 2.5ns
Train duration 10s Continuous
Emission duration Every 5min for 1h 20 min
Peak surface power at output 20 GW/m? 2 GW/m?
Peak FE-field 3MV/m 1.7MV/m
Peak SAR 95 MW /kg 31 MW /kg
Average SAR over total exposure 0.34 W /kg 4.7W /kg

Performed behavioural tests were: avoidance, beam-walking, rotarod and T-maze. Besides that,
the size and the number of astrocytes in the brain were assessed through quantification of GFAP
filaments labelled by immunohistochemistry.

For each test, a group of 12 exposed animals was compared to a group of 12 sham-exposed
animals, set at the same place and in the same ambient conditions as the exposed animals, but
without emission by the source.
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Figure 1: Time spent in non protected side-Source 2 (Mean+SEM).

For the avoidance test with source 2, the emission was closer to the antenna output, with two
pulse trains of 8 minutes spaced by 10 minutes. The number of alternations between the two com-
partments was the parameter of interest. Exposure parameters were: peak SAR = 90 MW /kg;
av SAR: 22 W /kg.
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In the beam-walking, a 2m-long, 2 cm-large rod was placed in front of the rat homecage. The
rat was placed at different distances from the cage and the success to reach the cage was noted.
In the rotarod, the ability of the rat to stay on the turning axis was recorded. In the T-maze,
the rat learned to go in a first task to go in one single open arm (right or left). The consecutive
task was to go in the second arm when both arms were open.

A chronic exposure was also performed on two groups of 24 animals, one was truly exposed, the
second one was sham-exposed. This exposure lasted 20 minutes a day, 5 dys/wk for 8 weeks.
Peak SAR: 3.3 MW /kg; av SAR: 0.8 W/kg. Residual X-rays: 20 mGy/day (total 0.8 Gy).
Results

Behavioural tests: Avoidance was significantly altered at a thermal SAR. Rotarod showed an
increase performance in exposed animals.

Immunohistochemistry: With source 1, GFAP expression was not increased 2 days after
exposure, but increased 7 days after exposure (+40%).

With source 2, GFAP expression was increased 2 days after exposure (+70%), probably reflecting
the higher average SAR allowed by a continuous emission instead of spaced 10s pulses.

During the first year after exposure, 8 from chronically exposed animals deceased following tu-
mours, and only one sham-exposed animal died, without any tumours. Histopathological study
is ongoing.

Table 1: Rotarod results.

Training Test
fail succeed fail | succeed
Sh | 65 7 Sh 47 23
Ex | 49 23 Ex 31 41
p | 201071 p 0.00001
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Figure 2: GFAP expression in different brain areas 2 days after exposure (Mean+SEM).

Although results suggest that rats are stimulated by the exposure in the rotarod, the increase of
cancer incidence shows that this stimulation is not indicative in this case of a long-term beneficial
effect after chronic exposure. It also shows that other behavioural tests are not helpful in detection
of a chronic risk. Only effects on GFAP expression in rats could be a marker of a long-term risk,
but this needs complementary studies to be confirmed.

If the observed important risk is not due to residual X-rays, this study suggests that a health risk
could be produced by a chronic exposure at a SAR below the known level of health threshold
of 0.08 W/kg, given that the peak SAR is of the order of 3.3W/kg (E-field 1.5MV/m). The
threshold for such a risk must be further studied.
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Effect of Electromagnetic Pulse on Embryo and Littles of Mice

Guozheng Guo
Department of Radiation Medicine, The Fourth Military Medical University
Xi’an 710032, China

Abstract—

Introduction: Effects of Electromagnetic Pulses (EMP) on the development of mammal embryo
and litters haven’t been clearly explored yet. To observe effects of EMP on pregnant mouse and
embryo, and study the relation between the dose and effect of EMP.

Materials and Methods: Studies were carried out on BALB/c mice of about 2 months old. The
treatment groups were exposed to EMP with different field intensity from 10kV/m to 200kV/m
respectively. The teratological, sex ratio for embryo and the psychophysiological, learning ability
were studied. The sex hormones for litters were tested. And also pregnant BALB/c mice were
exposed to different dose of EMP in the period of organogenesis, the field intensity were 0, 50,
100, 200, 400 kV-m ™~ respectively, then on day 18 of gestation, pregnant mice were sacrificed and
the increase of the body weight, the ratio of the organ/body weight and the weight of placentas
were measured. For the offspring, the weights of bodies, the length of bodies and tails were
measured and the normal, abnormal and the ratio of the sex were checked. At last, according to
the results, the EMP field intensity with the strongest inducing malformation effect was selected.

Results: The difference of the sex ratio between control and exposed group weren’t significantly
changed (p > 0.05). Whereas the absorbed and dead embryos, embryonic weight and placenta
weight were significantly decreased (p < 0.05) compared with control group as well as the body
length and tail length shorter than that of the control group (p < 0.01). Teratological assessment
showed considerable differences (p < 0.05) between the exposed and the control group for litter
appearance, visceral deformation, skeleton deformation including multirib and occipital bone.
Examination of learning and memory capability tested on the 57th and 64th day after naturally
born of the first filial generation whose mothers were undergone exposure to EMP were performed.
Exposed group showed more error times and training times for either learning or memory test.
Even though the exposed group could also reach the same criteria for learning and memory as
the control, the conditioning times needed for the criteria were greatly reduced. No significant
alternation (p > 0.05) was found between the females and males of the first filial generation. The
sex hormones of the male litters were significantly decreased than that of control (p < 0.05).

In each EMP exposure group, the increase of the body weight and the ratio of the organ/body
weight of pregnant mouse had no difference in all groups, but the weights of offspring and placen-
tas, the lengths of offspring bodies and tails were all lower than those of control group (p < 0.01).
The rates of dead, abnormal and hypoevolutism embryo in some exposure groups were higher
than control groups’ (p < 0.01), the number of malformation and the ratio of the female/male
were increased in some EMP exposure groups, especially in 400 kV-m~!group.

Conclusion: In our condition, EMP can affect the development of mammal embryo and litters
and have some damage effects on it. The damage effects were more and more serious with the
EMP field intensity increasing.
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Abstract— Through bio-functionalizing magnetic nanoparticles with antibodies or single-strand
nuclei acids, magnetic nanoparticles become able to associate with specific biomolecules, viruses,
and nuclei acids. Due to the association, the ac magnetic susceptibility caused with the physical
rotation of magnetic nanoparticles driven with ac magnetic fields is reduced. By measuring the
reduction in the ac magnetic susceptibility of magnetic reagents, the to-be-detected biomolecules,
viruses, and nuclei acids can be assayed. This assay technology is so-called magnetoreduction
assay (MRA). To achieved an ultra-high sensitivity, a magnetosusceptometry consisted of high-
T, superconducting-quantum-interference-device (SQUID) magnetometer is utilized to detect the
reduction in the ac magnetic susceptibility. The results show that the sensitivity can be down
to 1071% g. In addition, such technologies for assaying biomolecules reveal several advantages for
clinical applications, e.g., wash free, single bio-conjugation, and high specificity.
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Saitama 351-0197, Japan

3Faculty of Medicine, Department of Medical Physics and Biophysics, Medical University-Sofia

Sofia-1431, Bulgaria
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Avenue Appia 20, CH-1211 Geneva 27, Switzerland

Abstract— Microcirculatory changes in arterioles were examined in mice exposed to low

frequency-electromagnetic fields (EMF), by direct, continuous intravital microscopy.

Conscious BALB/c mice (n = 34) assigned to 1 of 4 groups were exposed to EMF for 10 min: at
10, 16 or 50Hz (28 mT), or no exposure (sham). Dorsal skin-fold chamber implanted mice were
injected with FITC-Dextran-250, 2.5% in PBS, via caudal vein. Epi-illumination of arterioles
(45-80 pm diameter) was monitored continuously over 33 min, that included: 3 min preliminary
preparation and 10 min pre-, 10 min EMF-exposure, and 10 min post-exposure. In vivo alterations
in vasomotion were measured using a high-speed digital-video recording and image enhancement
system, employing an edge-gap detection algorithm (389 ms sampling time), to calculate arte-
riole diameters. Captured signal images were filtered and amplified to eliminated background
fluorescence noise. Changes in frequency band magnitudes were determined by FFT (Fourier

coefficients) and wavelet analysis.

Sham-exposed mice exhibited no significant changes in vessel diameters amplitude changes, dur-
ing the 33 min evaluation. However, 16 Hz EMF significantly increased vasodilatation at post-
exposure, period compared with pre- and exposure periods. No significant change with 10 Hz
or 50 Hz exposure on vessels was seen throughout the monitoring, using Friedman’s Chi-Square
analysis. This on-line, automated and real-time methodology enables improved, advanced analy-
sis of single frequency components among the compound signals monitored in vasomotion, toward
better understanding signal transduction pathway interactions/factors related to the mechanisms

of microvascular regulation and change.
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The Role of Endogenous and Exogenous E-fields in Metaphase

A. H. J. Fleming
Biophotonics Research Institute, Melbourne, Australia

Abstract— Recently the mathematics of Self-Field Theory has been used to investigate the
role of the photon as the binding energy inside the atom. Self-field theory provides deterministic
eigensolutions to the Maxwell-Lorentz equations for the hydrogen atom. This is a mathematically
distinct method to quantum mechanics and the more modern Lagrangian-based quantum field
theories such as quantum electrodynamics. Fundamentally self-field theory obtains an expression

2
for Planck’s constant A = 477‘;0”6 as the energy per cycle of the principal eigenstate. Based on a
composite photon, an analytic expression for photon mass is also obtained mﬁyc2 = h“jfcye , where

w. is an integer photon transition frequency within each cycle. This expression is compatible with

2
the fine-structure constant o = % = 22 where m., = 0.396 x 107 Kg (0.221 x 1079 eV).
Y

Within atoms and molecules photon substructure introduces a previously unknown quantum
number by which bonds vary between strong and weak structures. A range of biological examples
support this analytic bonding mechanism including the structures of DNA during the cell cycle.
Most important metaphase is seen as a situation where the endogenous E-field can build up via
cell-cell co-operation until the energy becomes sufficient to rupture the bond between the two
daughter chromatids and metaphase continues into anaphase. The role of any exogenous field
outside the body can be seen to related to the extracellular E-fields the resultant exogenous fields
in the tissues in which the particular cells reside.

REFERENCES
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Electromagnetic Pulses Radiation on Morphous and Gene

Expression during Limb Development in Mice

Lihua Zeng, Yongbin Chen, Jie Zhang, Xia Miao,
Xiaowu Wang, Yurong Li, Dongqing Ren, and Guozhen Guo
Department of Radiation Medicine, Faculty of Preventive Medicine
Fourth Military Medical University, Xi’an 710032, China

Abstract—

Aim: To observe mice polydactylia induced by EMP and related genes expression (Gli3, Shh

and Fgf4) during the developments of mice limbs.

Methods: Mature female mice were mated overnight with male mice (2:1). The morning on
which a vaginal plug was found was designated as fetation-day-0. 1. The pregnant mice were
randomly divided into control group and EMP radiation group. Mice in the EMP radiation group
were exposed to EMP from fetation-day-7 to fetation-day-10. The fiedl intensity was 400 kv/m
with 400 pulses. On the fetation-day-18, the embryos were taken out by cesarean section. The
polydactylia were recorded. Morphological analysis of polydactylia was performed by using Alcian
Blue-Alizarin red staining method. 2. The pregnant mice were randomly divided into negative
control group, positive control group and EMP radiation group, Mice in the EMP from fetation-
day-7 to fetation-day-10. The field intensity was 400kV/m with 400 pulses. Mice in the positive
control group were injected with 300 mg/kg of Brdu on the fetation-day-9 and fetation-day-10
days. On the fetation-day-11, the embryos were taken our by cesarean section. The expression

of Gli3, Shh and Fgf4 were detected by Whole-mount in situ hybridization (WHISH).

Results: Morphological analysis indicated that the polydactylia rate of the EMP radiation group
was significantly higher than that of the control group (P < 0.05). And it was also indicated that
limb abnormality often occurred to the hindlimbs. In embryo limbs (fetation-day-11) of the EMP
radiation group and the positive control group, the ectopic expression of Fgf4d was detected in
AER, the overexpression and ectopic expression of Shh were detected in the ZPA; the decreased

expression of Gli3 was detected in mesenchyme cells.

Conclusion: The occurrence of polydactylia in mice increased after EMP radiation and it may

have some relationship with the abnormal expressions of the above-mentioned genes.
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A Thermal Noise Analysis in the Biological Matter

Massimo Scalia!, Massimo Sperini?, and Fabrizio Guidi®
b )

!'Department of Mathematics, University of Rome “La Sapienza”’, Rome, Italy
2Technical Institute ‘R. Rossellini’, Rome, Italy
3Naval Technical Institute ‘M. Colonna’, Rome, Italy

Abstract— The discussion of the biological or health effects due to electromagnetic fields of
low intensity in the whole region of non ionizing radiations (NIR) goes far beyond the mere
scientific debate to invest health and environment problems, even in political decisions. Just in
this context a relevant influence has been played along all these years by the statement of the
Council of the APS (American Physical Society), written out in 1995, that excluded all biological
and health effects from power lines, specially the promotion of cancers. Therefore, the directions
of the APS statement disregard the risks associated to the exposure to the fields generated by
power lines, in a substantial agreement with the WHO ( World Health Organization) criteria on
NIR emitted in 1984, assumed also by the ICNIRP (International Commission on Non-Ionizing
Radiation Protection) successive guidelines. That statement has been reaffirmed by the Council
of the APS in a more recent brief note (April 15, 2005).

The aim of the present communication is not to enter this debate, but, looking at the scientific
bases of the APS position paper, to focus the one that has played a so relevant role up to day
such to merit the name of “Adair’s constraint”. Really, Robert K. Adair proposed the concept
of “thermal noise electric field” in some his papers (1990, 1991), and his “constraint” extends
far beyond the possible cancer effects. It can be substantially summarized saying that weak
electromagnetic fields (E < 300V/m, B < 50 uT, v = 50 Hz) effects are impossible or, using his
words: “To find them it is like looking for werewolves”. R. Adair has kept on his arguments and his
“constraint” in more recent papers (2000, 2003). We only mean to show that the consequences
derived from the “thermal noise electric field” and the “Adair’s constraint” are simply wrong
relied.
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3D GL Transform EM Modeling for Simulation of Cylindrical

Cloaking

Jianhua Li, Feng Xie, Lee Xie, and Lee Xie
GL Geophysical Laboratory, USA

Abstract— The clocking material of cylindrical is different from the sphere clocking mate-
rial, because they are based on different coordinate transformation. The Ez and Hz may be
disturbed. In this paper, we develop a 3D Global and Local Transform (GLT) Electromagnetic
(EM) field modeling for the simulation of cylindrical clocking. The circle annular cloaking ma-
terial is anisotropic and dispersive in the circle annular zone. The conventional FEM and FD
methods will meet difficulty in the full 3D simulation of the EM cloaking. We propose the
electromagnetic field integral equation of the cylindrical annular cloaking anisotropic dispersive
materials. Based on the EM integral equation, we develop GLT EM modeling for the simulation
of the cylindrical annular EM cloaking which cloaked the central cylindrical space with any ma-
terial, but there are low reflection disturbs into the out EM wave filed The 3D GLT EM cloaking
simulation modeling is accurate and fast. The simulation results clearly and accurately show
that the EM wave are propagating around the central sphere hole and can not going to inside of
the hole. However, when the EM wave leaved the cloaking annular layer, the EM wave will suffer
low reflection disturbs and mostly recovers to its original sample and direction. The central circle
hole is complete cloaked and hiding from outside EM wave field. The 3D GLT EM cylindrical
Cloaking Software (3DGLTEMCCC) is ready for many applications. We will show the movies
of the 3D EM wave propagation around the cylindrical cloaking in EM Spring in PIERS 2009 in
Beijing.
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Analysis of Scattering from a Finite Linear Array of Dielectric

Cylinders Using the Method of Auxiliary Sources

Naamen Hichem and Taoufik Aguili
Ecole Nationale d’ingénieurs de Tunis
Département Technologie de 'information et de Communications, Tunisia

Abstract— The numerical analysis, in the order to approximate scattered fields by larger
bodies, is limited by the allowed computational cost and memory needs. The method of auxiliary
sources is exploited to model the scattering properties from a finite linear array of dielectric
cylinders taking into account the coupling between the different cylinders.

According to the MAS and for each dielectric cylinder, two bases of auxiliary sources must be
considered; the first one distributed outside the physical contour and acts inside, the second is
inside and acts outside.

The coupling modeled by the mutual satisfaction of the boundary conditions involving the con-
tinuity of the tangential field components just on the collocation points of every cylinder.

In the aforementioned global coupling model, we implement the fact that every cylinder is coupled
only to the neighbouring cylinders (partial coupling), the linear system matrix in fully simplified
entraining a significant decrease in the computational cost and memory requirements.

According to the global and partial coupling, numerical results (RCS, pattern field) reveal good
agreement with references.
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Light Localization in Quasiperiodic Dielectric Media

K. Wang
Laboratoire de Physique des Solides, CNRS/Universite Paris-Sud, Orsay 91405, France

Abstract— We study light wave behavior in octagonal and decagonal quasiperiodic dielectric
media through the related approximate structures. We show the existence of a new light lo-
calization mechanism in these quasiperiodic dielectric media. As a matter of fact, due to local
resonances between neighbor scatterers, light wave states inside the main photonic band gaps
are localized on local structure patterns displaying the maximum symmetry of the quasiperiodic
structure. In the present cases, the localized states, inside the two mains photonic band gaps,
can be described as the s and p anti-bonding states formed from the first Mie resonant modes on
respectively the Dg and Dig local centers for the octagonal and decagonal structures. The for-
mation of these localized states is favored by the high symmetry degree of the structure, without
involving any disorder. We discuss the structural effects on the wave states by considering struc-
ture disorders as well as the different structure configurations at various scales. We show that,
instead of reinforcing the localization effect, introduction of structure disorders leads to more
extended wave states and strong increase in light propagation, with a group velocity increase
that can reach almost one magnitude as compared to that for the perfect structure. This can
be attributed to the fact that structure disorder breaks the local symmetry, and thus disfavors
the formation of localized resonant states. Comparative studies on different classes of structures,
characterized by different configurations at various structure scales, allow a better understanding
of the relation between the localized states formation and the band gap opening in the quasiperi-
odic structures. In fact, the localization is determined by the local symmetry, while the band gap
position depends on structure order at global scale. The opening of the gaps allows the existence
of the localized states, and the symmetry degree of the local patterns determines the frequency
level as well as the number of localized states inside the gaps. Finally, we investigate the coupling
between the dielectric scatterers as a function of both the scatterer size and dielectric contrast,
as well as the consequences on the localized wave states.
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A Deformation-space Method for the Design of Spiral Longitudinal
Biplanar Gradient Coils for Open MRI Systems

Minhua Zhu!, Ling Xia', Guofa Shou'!
Feng Liu?, and Stuart Crozier?
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2The School of Information Technology & Electrical Engineering, The University of Queensland
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Abstract—

Introduction: In MRI, the gradient coils are usually composed of a series of discrete closed
curves [1]. Here we design a spiral longitudinal biplanar gradient coil for use in an open MRI
system by a deformation-space method [2]. The deformation-space method is a real-space (rather
than reciprocal space) algorithm. Thus we can construct parametric equations to describe a
longitudinal gradient coil based on Archimedes’ spiral. These parameters are then used to define
system rearrangements in the design procedure. An iterative optimization procedure is used to
adjust the control parameters to minimize target/cost functions including gradient homogeneity.
The spiral coils are composed of one or more sets of continuous curves.

Methods: Using Archimedes’ spiral, r = af (see Fig. 1) as the candidate curve, we can construct
a continuous curve/contour in the whole space. The system equation is:
r=R/0" . x6F (1)

where 60 is an angle variable, p is the power of the variable, R is the magnitude of the coil, 62 .
is a normalization factor.

In the Cartesian coordinate system, the equation is:

x = R/OP . xOPcosb

max
y = R/02,. x OPsinf
0 € (0, +00), it means the spiral would be reversed if § < 0, where [%] can be used to represent
the turn number.

With the normalization factor, the magnitude of the coil can be restricted to the size R, thus
the wire gap between adjacent wires can be controlled. We set up two groups of (anti-clockwise)
spirals, an outer group and an inner group. The spiral curve parameters are determined using
a Multi-objective optimization routine in Matlab. During the optimization, the gradient field
over the region of interest is calculated based on the Biot-Savart Law. As the coil contour is
continuous, the field evaluation can be efficiently implemented using a 1D Gaussian integration

method.
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Figure 1: Archimedes’ spiral. Left: a > 0 anti-clockwise; Right: a < 0 clockwise.

Results: Figure 2 shows the designed longitudinal gradient coil pattern and corresponding
gradient field homogeneity inside the DSV. It can be seen that the method generates a well-
connected coil structure with two continuous curves and a reasonably good gradient field. The
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Figure 2: Spiral longitudinal gradient coil. Left: coil pattern in one plane; Middle: Local arrangement of
two ends of outer group spiral; Right: the corresponding gradient homogeneity.

inner spiral has only about one turn and the outer spiral has 14 turns. The middle one in the
Fig. 2 presents the details of a small part of the outer spiral where the start and the end of the
spiral can be seen and the wire gap has been controlled to be not less than 7 mm.

Conclusion: In this work, we have demonstrated that the deformation-space algorithm can be
conveniently and efficiently used for spiral gradient coil design. The spiral pattern can be readily
manufactured. Both our previous studies for cylindrical systems [2] and the current work on
planar systems illustrate the capability of the deformation-space methodology. However, here we
only consider a simple regular shape condition for longitudinal gradient coils so the restriction
condition is easy to define. In future work we will look at transverse gradient coils and irregular
shaped coils.
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Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009 333

Theory for the Detection of a Single Nuclear Spin in Magnetic
Resonance Force Microscopy

Srinivasa Chemudupati and Vladimir Tsifrinovich
Polytechnic Institute of NYU, Brooklyn, NY 11201, USA

Abstract— We performed theoretical computations for the measurement of a nuclear spin
state in a paramagnetic atom with Oscillating Cantilever-Driven Adiabatic Reversals (OSCAR)
technique in Magnetic Resonance Force Microscopy (MRFM). We use a semi-classical approach,
where, the electron-nuclear spin system, with hyperfine interaction, is treated quantum mechani-
cally and the motion of the ferromagnetic particle is treated classically. Our calculations support
the idea of the measurement of a nuclear spin state by detection of a single-electron spin.
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Asymptotic Analysis of Modes of Composite Defects in Photonic
Crystals

L. C. Botten!, K. B. Dossou!, C. G. Poulton', A. A. Asatryan',
S. Mahmoodian?, R. C. McPhedran?, and C. M. de Sterke?

LCUDOS and Department of Mathematical Sciences
University of Technology, Sydney, Australia
2CUDOS and School of Physics, University of Sydney, Australia

Abstract— We demonstrate the existence of a class of defects in 2D photonic crystals, for
which the eigenstates depend only on the defect geometry and not on details like photonic crystal
parameters or defect size.

The study of photonic band-gap systems has evolved from an early focus on devising structures
with total band gaps, through the creation of defects that are the foundation of useful devices,
e.g., cavities, waveguides etc, and, most recently, to the application of unusual and interesting
properties, including high dispersion and slow light (including band-edge properties of photonic
crystals). In this paper, we consider the properties of the modes of compound defects in two-
dimensional (2D) photonic crystals (PC), created by making small perturbations in an otherwise
infinite, periodic photonic crystal. Such defect modes are well understood for electrons [1],
and since the wave equation and the boundary conditions are similar for the 2D TM polarized
electromagnetic case (i.e., with the electric field parallel to the cylinder axes), one might be
confident that the behaviour exhibited by electrons should carry over to photons.

Our treatment [2,3] combines analytic and numerical studies. In the near vicinity of the band
edge, we assume the band surface is parabolic, and go on to deduce that the Green function of this
2D system is dominated by the contribution associated with the mode at the band edge — due
a logarithmic dependence on the frequency difference between the defect mode w and the band
edge wy. This allows us to undertake a first-order perturbation treatment which, for the case of
a simple (single) defect, leads to the following result, valid for both TM and TE polarization,

.  10Bwse 1 /WSC Se(r)| E(kp, ") ||>d*’
njw-wy S Ewse S 5(r')||E(kL,7'/)H2d2r/7
wsc
or |w—wrp| = Aexp (—S>, (1)
Ewsc/Ewsc

in which the change in frequency dw = w — wy, is related exponentially to the relative change in
the electric energy (0Ewsc/Ewsc) (due to the defect) evaluated over the Wigner-Seitz cell, and
where S = 2/(wr,Np) is the sensitivity parameter, involving the density of states N,.

For compound defects, in which the same perturbation is applied in N multiple unit cells, the
dispersion curve of the fundamental mode follows the form in Eq. (1), but in which the defects
accumulate, with the energy change term § E'yysc scaled by the number of defects V. In addition,
other defect modes arise, which are linked with the symmetry of the spatial arrangements of the
defects. In the case when the defects are arranged in a regular polygon, it occurs that the
matrix of coupling coefficients takes the form of a circulant matrix, the eigenvectors of which are
independent of the particular values of the matrix elements. In the examples that we present,
this means that the defect state depends only on the defect geometry and not, for example, on
the separation of the defects.

The talk will present the theory and provide evidence of the asymptotic results through com-
prehensive simulations using the fictitious source superposition method [4] and the tight binding
method.
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Antireflection Coatings for 2D Photonic Crystals: A Rigorous
Impedance Based Treatment

L. C. Botten!, F. Lawrence?, K. B. Dossou!, and C. M. de Sterke?

LCUDOS and Department of Mathematical Sciences
University of Technology, Sydney, Australia
2CUDOS and School of Physics, University of Sydney, Australia

Abstract— We show how the concept of impedance can be defined rigorously in terms of PC
Bloch modes and then exploit this to accurately and efficiently design multilayer anti-reflection
coatings for photonic crystals.

The ability to define an impedance for photonic crystals (PC) would lead to significant improve-
ments in key PC applications, particularly for superprisms, self-collimation, etc. which operate
at frequencies outside of, but close to, a bandgap at which surface reflections can be very high. In
such cases, the extension of the familiar concept of impedance to PC applications may facilitate
the design of anti-reflection (AR) coatings and overcome the drawbacks associated with interface
reflection.

The design of multi-layer anti-reflection coatings requires that the reflectance and relative position
of the interfaces be tailored to minimize reflection at one or more wavelengths. In thin film optics,
this is handled efficiently by encapsulating the optical properties of each layer in an impedance.
Were this not the case, interface reflection coefficients would have to be recalculated ab initio, for
each change in any layer. Accordingly, if AR coating design for PCs is to be practicable, it is vital
to develop a rigorous definition of impedance for PC layers. To date, two approaches for defining
PC impedances have emerged: (a) a generalization of field ratio E/H to account for spatial
variation, and (b) inference from a Fresnel reflection coefficient. However, both are empirical and
insufficiently rigorous to have confidence in their predictive ability. Here, we present a rigorous
definition based on PC Bloch modes, and demonstrate its accuracy and applicability by designing
two layer anti-reflection coatings — a computationally difficult otherwise.

We commence with plane wave representations of the electric (E) and magnetic (H) components
of Bloch modes, computed by a transfer matrix method [1]. Since the transfer matrix is symplec-
tic, orthogonality relationships of the form ETH = I where E and H are matrices whose columns
contain plane wave coefficients of the Bloch mode electric/magnetic fields, allow us to compute

Fresnel reflection and transmission matrices between two semi-infinite PCs (PC1 and PC2) us-
1

ing least squares: Riz = (A12AT; + I)f1 (A2AT, = 1), Typ = TT, = 2A1, (ARAL +1) 7,
Ry = (I + A1T2A12)_1 (I - A1T2A12), in which A1y = HYE; is a matrix of overlap integrals.
Since A12AT, and A13A7, are relative impedances for crossing an interface in the 1—2 and 2—1
directions, it is impossible to define a unique impedance. Instead, there is the more fundamental
Ao, akin to the “square root” of the impedance. If, we introduce a reference medium (PCO0),
e.g., free space, and ensure that the mode bases in each region have a common dimension, we can
deduce the useful approximation Ao ~ A&IAOQ (exact at full rank). We thus catalogue Ag; in
each region, compute mixed coefficients A;;, and form the Fresnel coefficients.

We apply this technique [2] to design a V (two layer anti-reflection) coating for a square 2D
PC in TM polarization. Fig. 1(a) shows the transmittance of an uncoated PC operating, while
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Figure 1: Transmittance (red) and reflectance (blue) curves for (a) the uncoated PC, (b) the 1.1 layer coating
for the target frequency d/\ = 0.26.
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Fig. 1(b) shows the transmission optimized for a normalized frequency d/A = 0.26 using two
single layer coatings. The approach clearly works well and the talk will outlines the method and
presents a range of applications, including the slow light regime, in which both scalar and matrix
impedances are required.
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A Method of Aperture Coupling Analysis and Computing Based on
the BLT Equation

Jianshu Luo, Wanjin Wang, and Xufeng Zhang
College of Science, National University of Defense Technology
Changsha 410073, China,

Abstract— Carl E. Baum brought forward the BLT equation based on the multiconductor
transmission line network model, which is a effective method to analyse and compute the cou-
pling current/voltage generated at the inner key point of complex electronic system under high
power microwave source excitation. Aperture of many geometry configurations can result in elec-
tromagnetic field leakage, so we brought forward a method of aperture coupling analysis based
on the BLT equation. Different from other numerical methods, we computed the electromagnetic
field penetrated in the shield cavity from excitation source by using the electromagnetic wave
propagation mode and propagation character of rectangle waveguide or circle waveguide, then we
obtained the large supermatrix equation of voltage or electric field intensity related with inner
key point of complex electronic system based on the BLT equation, by solving this equation, we
can compute the coupling voltage/current at the inner key point of complex electronic system.
Last, we gave the coupling voltage/current numerical results of parallel two conductor line in a
shield cavity with a rectangle trough under certain high power microwave source excitation.
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GL TM Dielectric Parameter Inversion

Ganquan Xie, Jianhua Li, Lee Xie, and Feng Xie
GL Geophysical Laboratory, USA

Abstract— In this paper, we develop a 3D Global and Local Transform (GLT) Electromagnetic
(EM) field modeling for the simulation of sphere clocking. The sphere annular cloaking material is
anisotropic and dispersive. The conventional FEM and FD methods will meet difficulty in the full
3D simulation of the EM cloaking. We propose the electromagnetic field integral equation of the
sphere annular cloaking anisotropic dispersive materials. Based on the EM integral equation, we
develop GLT EM modeling for the simulation of the sphere annular EM cloaking which cloaked
the central sphere space with any material. The 3D GLT EM cloaking simulation modeling
is accurate and fast. The simulation results clearly and accurately show that the EM wave are
propagating around the central sphere hole and can not going to inside of the hole. When the EM
wave leaved the cloaking annular layer, the EM wave recovers to its original sample and direction
without any distortion. The central sphere hole is complete cloaked and hiding from outside EM
wave field and outside observer. The 3D GLT EM Sphere Cloaking Software (3DGLTEMSCS) is
ready for many applications. We will show the movies of the 3D EM wave propagation around

the sphere cloaking in EM Spring in PIERS 2009 in Beijing.
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Electromagnetic Modeling of Plasma Etch Chamber for
Semiconductor Microchip Fabrication

Zhigang Chen, Shahid Rauf, Kartik Ramaswamy, and Ken Collins
Applied Materials, Inc., Sunnyvale, California 94085, USA

Abstract— In the plasma etch chamber used to fabricate semiconductor microchips, main-
taining the symmetry and uniformity of the electric field at the semiconductor wafer level is
critical. Very high frequency (VHF) RF sources are attractive for such applications as they
improve the efficiency of plasma generation. Electromagnetic effects become important at these
frequencies, and etch reactor design requires careful investigation of the electromagnetic field spa-
tial structure in the chamber. In this paper, we apply the finite-difference time-domain (FDTD)
method to examine the various electromagnetic effects in the plasma etch chamber and inves-
tigate strategies for improved chamber design. These effects include the standing wave effects
and asymmetric field distributions that can be caused by asymmetric RF power feed configura-
tions. The FDTD method is formulated in both cylindrical and Cartesian coordinate systems to
facilitate the modeling of rotationally symmetric chamber and asymmetric RF feed structures.
To accurately and efficiently characterize the coaxial cable delivery of the RF power, the coaxial
cable is excited with a TEM mode at discrete frequencies and truncated using the convolutional
perfectly matched layer (CPML) absorbing boundary conditions. To decrease the transient time
in a single frequency simulation, we choose a new time function based on the Hanning window
function to replace the stepped monochromatic excitation. The electric field distribution gen-
erated by various RF feed configurations is studied at different VHF frequencies. Based on the
FDTD simulations, we have been able to identify a variety of design approaches for ensuring
electric field symmetry and uniformity. These design approaches are the foundation of new RF
feed designs in our plasma etching chambers.
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Analysis of Electric Field on Liquid Zoom Lens Based on
Electrowetting

Shunan Shi
Department of Telecommunication, Xidian University, Shaanxi 710126, China

Abstract— Nowadays liquid Zoom lenses in imaging systems are becoming more and more
important in both scientific research and industrial products. This paper reports the development
and characterization of a novel design of a zoom lens system based on electrowetting. The
lens system consists of a fixed cylinder electrode which contained liquid lenses made out of two
immiscible liquids. The SnOs transparent conductive thin film cylinder electrode for liquid zoom
lens was designed and implemented based on ultrasonic spray deposition method. This kind of
transparency film can be easily prepared on the surface of glass at high temperature by spraying
SnCly solution. As for the liquid lenses, we have discussed a method that enables perturbation of
the shape of a UV curable a droplet of silicone oil, this droplet of silicone oil confined in an aqueous
solution (1% KCIl) may works as a liquid lens. The changing applied electric field then controls
the shape of the confined silicone oil and the focal length of the liquid lens varies depending upon
an applied dc voltage of the cylinder electrode. As the applied electric field distribution affect
liquid zoom lens’ focus most, so this paper mainly shows the relationship between the external
applied electric field of liquid zoom lens and its focus. The applied electric field distribution
in both cylinder electrode and planar electrode will be simulated. After compare the different
electric field that influence on the focal length of the liquid lens between cylinder liquid lens and
planar liquid lens, the optimal distribution of applied electric field have been worked-out finally.
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Nanosecond Pulsed Electric Field Treatment Proves Long-Term

Effectiveness on Melanoma Metastasis Animal Model

Xinhua Chen' 2, Richard Nuccitelli?, R. James Swanson?, Stephen J. Beebe?,
Karl H. Schoenbach?, Shengyong Yin!, Jinjun Li?, and Shusen Zheng'

!Department of General Surgery, The First Affiliated Hospital, College of Medicine
Zhejiang University, Hangzhou 310003, China
2Frank Reidy Research Center for Bioelectrics, Old Dominion University
830 Southampton Ave., Suite 5100, Norfolk, VA 23510, USA
3National Laboratory of Oncogenes and Related Genes
Cancer Institute of Shanghai Jiao Tong University
Shanghai 200032, China

Abstract—

Objectives: The recent use of nanosecond pulsed electric field treatment (nsPEF Tx) is recog-
nized as a new tool for cancer treatment. Here we examine the long-term effectiveness in vivo of
nsPEF, as a potential therapy in murine malignant melanomas over a 5-month period surviving
study.

Methods: Female SKH-1 mice (n = 36) were injected with B16-F10 murine melanoma cells
and then randomly assigned to 2 groups (17 in nsPEF treatment; 19 as controls). Mice were
treated 1-4 times with nsPEF until the tumor shrank to invisible or no imaging manifestation.
The control group was identical to treatment group except for nsPEF Tx. Both groups were
imaged daily by photographing (1) external tumor surface and (2) transilluminated tumor. A
mouse would be sacrificed if (1) the tumor ulcerated or exceeded the specified size limit 2 cm or
(2) the tumor diminished to the point of no imaging visibility.

Result: All 17 mice in the treated group survived 3—5 months with the melanomas in complete
remission while 14 of the 19 control mice died within 3 weeks due to fast tumor growth. Tumor
volumes, survival times and tumor vessel numbers were statistically different (P < 0.001) between
control and treatment groups. The nsPEF treated group had no metastasis. In vivo images and
hematoxylin and eosin (H&E) staining revealed nsPEF initially disrupt and finally destroy tumor
construction and blood supply. Immunohistochemistry (IHC) and tissue micro-array showed
that CD31, a marker for micro vessel density, decreased significantly after nsPEF treatment and
western blot analysis confirmed this reduced CD31 protein expression.

Conclusion: The high energy of nsPEF applied to solid tumors can destroy tumor construction
and blood supply, but thermal damage to the skin tissue around the tumor. For 5-month long
surviving observation no tumor recurrence on the primary site. Therefore nsPEF is a potential
therapeutic candidate for solid tumors.
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The Use of Ray-tracing and Genetic Algorithms to Optimize a

Tapered Anechoic Chamber

S. M. J. Razavi and M. Khalaj-Amirhosseini

College of Electrical Engineering, Iran University of Science and Technology, Tehran, Iran

Abstract— The need for indoor testing of electromagnetic radiating devices, which began in
the early 1950s, has led to a number of companies providing chambers and absorber products

supporting a range of electromagnetic testing requirements.

Anechoic chambers are used for both emission and immunity testing. There are three major types
of anechoic chamber including rectangular, tapered, and double horn. The illumination difference
between the rectangular and tapered chambers is illustrated in Figure 1. This is accomplished
by forcing the wall image close together at the source end of the chamber. The tapered chamber
is an established design concept used for antenna testing below 1 GHz but the ferrite tiles used

to line the inside of the chamber are extremely expensive.

This paper describes a method of reducing the number of tiles, whilst ensuring a reliable test
environment. The method offered in this paper describes a new technique to reduce the need for
full coverage of lining material and optimize the layout of absorbing material tiles to reach a good
performance for the chamber and minimize the cost. The offered method has been simulated via

computer programs and validated with CST MICROWAVE STUDIO.

In this paper, the ray-tracing method for waves propagation is used for evaluation the reflectivity
level of an anechoic chamber, and genetic algorithms are used to optimize the layout of ferrite

tile absorber in a partially lined enclosure to produce a best performance.

The results (for rectangular anechoic chamber) show that it is possible to cover just 80% of the
surface of the enclosure with ferrite absorber and obtain good agreement by fully lined enclosure

with an error of less than 3 percent over the whole test points.

AMPLITUDRE OF THE WAVE FRONT

/ A

(a) (b)

Figure 1: Test region illumination in (a) a rectangular chamber, (b) a tapered chambers.
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An Improved Method of Determining Permittivity and Permeability
by S Parameters

Hao Zhou, Guizhen Lu, Yanfei Li, Song Wang, and Yue Wang
Communication University of China, Beijing 100024, China

Abstract— In the paper, a new method is presented for determining the complex permittivity
and permeability of the linear materials by S Parameters. The coaxial line fixture is used to fa-
cilitate the measurement of the material’s scattering coefficients. With the scattering coefficients,
the complex permittivity and permeability of the linear materials as a function of frequency can
be determined by the method. The phase ambiguity of the imaginary part of propagator can be
resolved by the real part of So;. Compared with former methods, the period of propagator can
be got from a series of reflection and transmission S Parameters in the frequency domain, the
results of the improved method can be more accurate in the wideband.
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Features and Mechanism of Satellite Infrared Anomaly before Ocean
Earthquakes

Shanjun Liu®3, Lixin Wu''2, Qunlong Chen?, and Guoliang Li?3

Hnstitute for GIS/RS/GPS & Digital Mine Research, Northeastern University
Shenyang 110004, China
Institute for GIS/RS/GPS & Subsidence Engineering Research,
China University of Mining and Technology, Beijing 100083, China
3College of Resources and Environment, Hebei Polytechnic University
Tangshan 063000, China

Abstract— The phenomenon of satellite thermal Infrared anomaly before earthquake has been
reported since the late 1980s. The reported abnormal rise of surface temperatures reaches 2-4°C,
occasionally higher. Usually, the anomaly appears one month to several days before the earth-
quake. Several mechanisms or hypothesis have been put forward to interpret the phenomenon: (i)
the uplifted underground fluid leads to the emanation of warm gases; (ii) the uplifted well water
and changed moisture contents in the soil leads to surface temperature rise; (iii) the diffuse COq
emanation causes a local greenhouse effect; (iv) the near-ground air ionization due to enhanced
radon emission leads to the condensation of water vapor from the atmosphere and, hence, to the
release of latent heat; (v) the thermo-elastic effect and friction heat due to tectonic stress; and
(vi) the recombination of stress-activated positive hole in rock face leads to infrared emission.

There are more than five million earthquakes occur every years, and most of it occur in the
ocean region. Taiwan and Japan region are located in the jointed position of Eurasia plate
and Pacific Ocean plate. There are many earthquakes occurred every year due to the action
of plate movements. The Jiji Ms 7.6 earthquake, which happened in Sep. 21, 1999, caused
about 3000 people death and about 10000 people injured. After the terrible event, several violent
earthquakes had happened in its adjacent area during the past years. For example, the Hengchun
Ms 7.2 earthquake happened in Dec. 26, 2006 caused 2 people death and about 50 people injured.
Besides, the Noto Peninsula Ms 6.9 earthquake happened in March 25, 2007 caused 1 people
death and about 170 people injured. The laws and the omens of the ocean earthquake are of
great importance.

In this paper, taking Dec. 26/2006 Hengchun Ms 7.2 earthquake and March 25/2007 Noto
Peninsula Ms 6.9 earthquake as the cases of ocean earthquakes, the features of active satellite
Infrared anomaly before the earthquakes are analyzed. The result shows that the satellite IR
anomaly prior to earthquake is intimately linked with the geology tectonics of neighborhood
of epicenter. To study the mechanisms of the infrared anomaly before the ocean earthquakes,
a group of physical simulation experiments including the infrared radiation imaging detection
on rock fracturing and sliding process, and a group of physical test and numerical simulation
experiments on the heat transfer measurement of water, are carried out. Furthermore, the laws
and the mechanisms of satellite infrared anomaly before the ocean earthquakes are discussed so
as to reach valuable omens of ocean earthquake.
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Sumudu Applications to Maxwell’s Equations

Fethi Bin Muhammad Belgacem
Faculty of Information Technology, Arab Open University
P. O. Box 830, Al-Ardhia 92400, Kuwait

Abstract— A main attribute of the Sumudu transform lies in its units preserving property.
Connected to Fourier, bilateral, two-sided, and ordinary Laplace transforms, the Sumudu is
beginning to claim more fame through its unique advantages and pragmatic applications. Here,
Maxwell’s equations, pertaining to transient electromagnetic planar, (TEMP), waves propagation
in lossy media, are shown to yield electric field solutions, through Sumudu transformation.
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Inverse Scattering of Two-dimensional Dielectric Objects in
Attenuating Media without Phase Information

Yanli Liu, Lianlin Li, and Fang Li
Institute of Electronics, Chinese Academy of Sciences, Beijing 100190, China

Abstract— An inverse scattering algorithm with intensity-only data to reconstruct both the
permittivity and conductivity profiles of two-dimensional dielectric objects embedded in atten-
uating media is developed within the first Rytov approximation. The proposed method uses
measurements of the intensity of the scattered field on a pair of lines shown in Fig. 1, which are
beyond the object and perpendicular to the propagation vector sg, in place of the usual phase
measurements of the field.

The proposed algorithm consists of three steps. First, according to

Alr 1, A) = [,wl Y (y—k)F } i(y—ke)l {1 _ ei[(v—kc)+(v*—k2)]ﬁ}

'yA

where Da(; [, A) is constructed from the spatial Fourier transformations Fourier transforma-
tions of both the total field intensity on two lines shown in Fig. 1, we can specify the ‘pseudo’

spatial Fourier transformation F[rs1 + (v — ke)So] of the object function f(7, w) over a set of
spatial frequencies K that are constrained by the momentum transfer equation K = k.(§ — 5p).
§ is a unit vector that can assume various directions depending the particular application, and
Sp is the unit propagation vector of the incident plane wave. The reason for saying it as ‘pseudo’
spatial Fourier transformation is that the spatial frequencies K are complex valued in the condi-
tion of attenuating background where k. = ko+/ep + im0 /ko is the complex wave-number and
by convention the real part of the wave-number is taken to be positive.

Second, by simultaneously rotating the incident wave field direction and measurement lines, a
set of intensity measurements is acquired that can be used to reconstruct the object function.

Third, expand the object function with Fourier series, then

st il = 35 3 fu [ [ oottt g

—Mn=-N —00—00
By virtue of regularization of the ill-posed matrix we can specify the object function from the
‘pseudo’ spatial Fourier transformation F[k's1 + (7 —k.)So]. From the reconstruction steps given

above we can see that this reconstruction algorithm needs only intensity information to rebuild
the geometric and electric properties of an object embedded in an attenuating background.

incident

field ] )
E scattering line 1 line 2

object
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l— A —>
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Figure 1: Measurement scheme for inverse scattering of the two-dimensional objects with only intensity
measurements.
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Geometrical Effect of aperture on Shielding Effectiveness for

Conductive Enclosures

A. Keshtkar!, A. Kalantarnia?, and H. R. Karami?

1University of Tabriz, Iran
2University of Applied and Science, Hamedan, Iran
3 Amirkabir University of Technology, Tehran, Iran

Abstract— One of the environmental pollution is electromagnetic interference. Whereas use of
electrical and electronics equipments is increased rapidly, consideration of EMI effects has been
became important. Depending on strength and penetration, these interferences can derange elec-
tronics equipments in different levels. Shielding by high conductive materials is common and
effective protection against EM. Whereas electronic systems have power cables or need ventila-
tions, their protective shields have apertures or slots. By these apertures EM waves penetrate in
shielding enclosures. Therefore evaluation of conductive enclosures with apertures is significance.

In these cases, parameter that called SE (Shielding Effectiveness) is considered.

Definition of Problem: In this research we want to evaluate geometrical effect of aperture on

SE.

The main goal: The main goal in this research is finding critical dimensions based on resonance

frequency and new concept, “minus bandwidth” for SE, that is presented.

Solution Method: In this research, we use from RC (Reverberation Chamber) for making
electromagnetic environment. Before SE computation we have considered different polarization
of transmission antenna in field uniformity. On the basis of IEC 61000-4-21 standard, we present a
new technique for increase of field uniformity. In other part, SE has been computed for different
geometry of apertures by 3D-FEM. Furthermore in this research SE has been computed for

enclosures with multiple apertures.
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Dyadic Electromagnetic Green’s Function for a Graphene Bilayer

Norman J. Morgenstern Horing' and S. Y. Liu?

!Department of Physics and Engineering Physics, Stevens Institute of Technology
Hoboken, New Jersey 07030, USA
2Department of Physics, Shanghai Jiaotong University
1954 Huashan Road, Shanghai 20030, China

Abstract— Graphene, a single-atom-thick two-dimensional planar layer of Carbon atoms in
a hexagonal honey-combed lattice composed of two superposed triangular sub-lattices, has been
receiving a great deal of attention, both experimental and theoretical, since the first report in
2004 of its unusual device-friendly material properties [1]. These properties include: high mobility
at elevated temperature [2], reaching 200,000 cm?/Vs (over two orders of magnitude higher than
that of silicon-based materials, over twenty times that of GaAs, over twice that of InSb); high
electron density, about 10" cm~2 in a single subband; long carrier mean-free-path, L ~ 400 nm
at room temperature, opening the possibility of Graphene-based ballistic devices; stability to
high temperatures, ~3000K; quantum Hall effect occurs at room temperature in Graphene;
the planar form of Graphene generally allows for highly-developed top-down CMOS compatible
process flows, a substantial advantage over Carbon nanotubes that are difficult to integrate into
electronic devices and are difficult to produce in consistent sizes and electronic properties. All
of these properties make Graphene an extremely promising material for future nanoelectronic
devices. Such applications of Graphene are already in progress, including: Graphene sensors [3]
that can detect minute concentrations (1 part per billion) of various active gasses; Graphene spin
valve [4]; Graphene electromechanical resonator [5] can actuate an electromechanical resonator
by an rf-gate-voltage superposed on a dc-voltage applied to the Graphene sheet, or by optical
actuation using a laser focused on the sheet; Graphene field effect transistor [6] has already
been produced; Graphene quantum interference device was built to manipulate electron wave
interference effects.

The obvious promise of single and multiple Graphene sheets for new and improved electronic de-
vices mandates a serious exploration of their electromagnetic properties. In this paper, we employ
techniques that we recently used to develop an exact explicit analytical expression for the dyadic
electromagnetic Green’s function of a thin excitonic layer [7] (in a study of inhomogeneous radia-
tive exciton polariton modes corresponding to the complex poles of the matrix Green’s function).
Here, we further extend this technique to determine the structure of the dyadic electromagnetic
Green’s functions for a bilayer, and apply it to examine Graphene bilayer electromagnetics.
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Abstract— To increase the accuracy of impedance measurement for cell analysis, recent re-
searches focus on various issues, such as frequency dependency, molecular dimensional normaliza-
tion and interaction of electrode-electrolyte, in effort to obtain molecular behavior intrinsically
not externally. Therefore, this study proposes a coplanar waveguide open-ended probe to perform
the cell impedance measurement using MEMS (Micro-Electro-Mechanical Systems) technology
at RF (Radio frequency) rather than lower frequency to eliminate the mentioned issues. The
open-ended probe combines a microfluidic channel for cell capture and a CBCPW (Compound
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conductor backed coplanar waveguide for biological measurement (as shown in Figure 1)). The
probe tip of exciting electrode is designed as 20 pm with respect to the cell radius (15 ~ 20 pm).
The microfluidic cover is fabricated with PDMS (Polydimethylsiloxane) by silicon mold using
lithography. The microfluidic channel and compound CBCPW are bonded after treated by 3-
MPTMS (3-mercaptopropyltrimethoxysilane) and employed Oz plasma. Leaning on the network
analysis at radio frequency, quantitative analysis is investigated for the overall measurement de-
vice. Verified by TDR (Time-Domain Reflectometer) to tune the characteristic impedance to
502, conjunction interface of SMA-PCB, fabrication deviation, capacitance effect of substrate
with/without engraving hole and various thickness of substrate are adjusted to improve signal-to-
noise ratio on measurement and correct the calibration calculation of VNA (as shown in Figure 2).
Contact area of solution is theoretically discussed to consider capacitance effect influence. Based
on the measurement results, this device actually eliminates the shortcomings of measurement
at low frequency for the double layer capacitances, and discriminates different concentration of
electrolyte, various solution, and single cell (as shown in Figures 3 and 4).
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Abstract— Diluted magnetic semiconductors (DMSs), which transform spin-frustrated semi-
conductors to ferromagnets by magnetic doping, have garnered much interest due to their po-
tential for introducing a spin degree of freedom into semiconductors, an important step toward
developing spintronics. Room temperature ferromagnetism in DMSs has been predicted by sys-
tem based on hole-mediation and reported in many transition metal doped semiconductor sys-
tem. While ferromagnetism has been reported in many DMSs, there is still significant debate
over the possible magnetic impurity phase separation and uncertainty of magnetic interactions.
Furthermore, magnetic interactions are uncertain, because most of the transition elements form
a trapping potential for holes in these semiconductors, making it difficult to realize hole medi-
ated ferromagnetism. These problems related on the concept of simultaneously manipulating
both the charge and spin in a single semiconductor medium pose obstacles to realizing their full
potential for practical DMS-based spin devices. For solving these problems, we have investigated
the ferromagnetism in Mn doped Ge nanowires because pure Ge nanowire system itself has a
p-type characteristic. It is thus an ideal semiconductor to realize hole-mediated ferromagnetism
when Mn is properly doped. It is also attractive because of a compatibility with current sili-
con complementary metal oxide semiconductor (CMOS) processes, and a nanowire system itself
has a number of advantages over thin films with respect to studying ferromagnetism in DMSs.
They specifically offer thermodynamically stable features and are typically single crystalline and
defect-free. They can thus safely exclude the effect of defects and non-uniform distribution of
dopants that are typically observed in DMSs prepared by non-equilibrium processing.

We successfully synthesized the single crystalline Mn:Ge nanaowires using a Au catalyst deposited
silicon substrates in a germanium tetrachloride (GeCly) based chemical vapor transport system.
For doping, MnCl, (purity 99.99%) powder is used as a doping source. The typical diameter and
length of the Mn:Ge nanowires are from 60 nm to 80 nm and ten micrometers, respectively. The
average concentration of Mn doped in these nanowires is c.a. 1.5%. Anomalous x-ray scattering
measurement makes it clear that Mn atoms are substitutionally incorporated with the diamond
network of host Ge sites. X-ray magnetic circular dichroism spectra at Mn Ly 3-edges showed
that doped Mn has local spin moment with the 3d® electronic configuration above room tem-
perature, clearly meaning that the ferromagnetism originates from doped Mn?* ions. Electrical
characterization of a nanowire field effect transistor (FET) showed the real-time gate-dependent
hysteresis that is due to formation of the acceptor level of Mn between the electron trap levels of
Ge, resulting in Mn hole generation in the band gap. These findings suggest that the ferromag-
netic coupling between Mn ions in Mn:Ge nanowires is driven by a carrier-induced mechanism
that is mediated by the hole in the Mn band and carrier. Furthermore, we also vertically grew
Mn:Ge nanowires and studied the magnetism. The outcomes indicate magnetic anisotropy that
would be helpful to realize spin-based electronic.
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Abstract— Azimuth ambiguity occurs in synthetic aperture radar systems due to the well
known constraint of minimum antenna area, especially at high resolution and wide swath. Thus
the swath width can only be expanded at the cost of a coarse resolution or vice versa. In this
paper, we use multiple channel system to solve the problem. In order to get image with wide
swath and high azimuth resolution, low PRF is adopted. Then azimuth ambiguity is inevitable.
The degree of freedom in space offered by multiple channel system make it possible to remove
azimuth ambiguity. With the knowledge of space time processing, we present a modified space
time domain method (STD) to determine the filter weight vectors. And use the filter weight
vectors to process the signal in doppler domain to remove azimuth ambiguities. Our method
is verified by simulation. And this approach was applied to the real data, which were collected
by an experimental airborne multiple channel SAR system. During the processing of the real
data, we found some factor which can influence our processing. Errors in both amplitude and
phase are inevitable for real data due to nonideal analog circuits, such as the amplifier, radar
mixer, and A/D converter. In addition, the space diversity leads to the difference in antenna
patterns of each channel, which also contributes to the final error between channels. The STD
processing degrades rapidly with increasing channel error. Finally, the errors between channels
are investigated. The methodology to deal with these nonideal factors is discussed as well.
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Abstract— Compact polarimetry, an choice in the dual-pol SAR system designs, is based on
basis measurement. The compact polarimetric SAR transmits a wave on circular or /4 oriented
linear polarization (the so-called CTLR mode and 7/4 mode), while receives the backward wave
on two orthogonal polarizations with phase coherence. Compared with the fully polarimetric SAR
system, the compact polarimetric SAR halves its pulse repetition frequency, hence it reduces the
average transmit power and increases the swath width, so it is considered to be compliant with
low-cost/low-mass constraints of the space-borne polarimetric SAR systems.

In this paper, the varieties of compact polarimetric modes are illustrated at first, and then the
relevant principles are analyzed. Although the compact polarimetric mode can be exploited
to obtain some advantages of the quad-polarization mode, it cannot replace quad-polarization
because it cannot obtain the complete scatter information. It should be analyzed to which
extent the polarimetric information is preserved in compact polarimetric SAR data, by means of
comparison with the fully polarimetric SAR data. Some analysis tools and indicators, such as
scatter plots, Alpha-Entropy plots and root mean squared error are used.

Polarmetric information has been demonstrated to be useful to improve classification perfor-
mance. Souyris [1] analyzed the potential of classification with compact polarimetric data (w/4
mode). This paper addresses the quantitative classification capability of compact polarimetric
SAR. The classification accuracies of compact polarimetric SAR (CTLR and 7/4 mode) versus
fully polarimtric SAR, dual-polarization SAR, e.g., (HH+HV, etc.) are discussed, under the
consideration that it can helps selecting polarization modes for various applications.

The experimental compact polarimetric SAR data are derived by transformation of fully polari-
metric SAR data. For comparison, the dual-polarization analysis uses the same fully poarimetric
datasets.
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Abstract— At the USDA (United States Department of Agriculture)’s Optimizing Production
Inputs for Economic and Environmental Enhancement (OPE?) experimental site in Beltsville
(Maryland, USA) a field campaign was conducted to analyze the impact of vegetation on mi-
crowave observations. This campaign took place during the corn growth cycle from May 10th
to October 2nd, 2002. Ground conditions were observed through in-situ measurements. These
measurements included soil moisture, vegetation biomass and surface roughness. Soil moisture
of the top 5-cm was measured using a gravimetric sampling technique and portable impedance
probes (Delta-T theta probe) at twenty-one sites located at the edge of a 67.1 m x 33.5 m rectan-
gular area situated around the radar footprint. Vegetation biomass was quantified through the
destructive measuring technique applied to a 1m? area (approximately 12 plants). During this
period the corn crops reached at peak biomass a vegetation water content of 5.1kg/m? and soil
moisture values ranging between 0.00 to 0.26 cm®cm™3. The range in biomass and soil moisture
conditions observed during this field campaign forms a solid basis for a robust validation of the
soil moisture retrieval algorithms.

One of the microwave instruments deployed for this campaign was a multi-frequency (C-band
(4.75 GHz) and L-band (1.6 GHz)) and quad-polarized (HH, HV, VV, VH) radar. In the OPE?
field campaign, radar observations were collected once a week (usually on Wednesdays weather
permitting) at 8 am, 10 am, 12 noon and 2 pm. During each data run the radar acquired sixty
independent measurements within an azimuth of 120 degrees from a boom height of 12.2m and
at three different incidence angles (15, 35, and 55 degrees). The sixty observations were averaged
to provide one backscatter value for the study area and its accuracy is estimated to be 1.0dB.
By averaging of the measurements, row effects are assumed to be reduced.

In this investigation, an analysis is presented of the vegetation effects on C- and L-band radar
observations and their sensitivity to soil moisture. It is shown that when the observations
are corrected for the effects of vegetation soil moisture uncertainties can be obtained of 0.033—
0.064 cm3cm ™3 for C- as well as L-band depending on the view angle and polarization.
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Abstract— Modern synthetic aperture radar (SAR) is required to provide imagery with both
high resolution and large processing scene. By illuminating the same scene during the data
acquisition interval, the spotlight SAR is capable of obtaining high resolution imagery with a
considerable scene. The receiving instantaneous Doppler bandwidth depends on the width of
the scene in azimuth, which should be lower than the pulse repetition frequency (PRF). In the
spotlight mode, the azimuth bandwidth is generally much higher than PRF and azimuth spectral
aliasing occurs. Straightforward application of the precise imagery formation, such as the chirp
scaling algorithm (CSA), is thus ill-suited. The spectral analysis (SPECAN) convolution is a
mature technique widely used in the monostatic scan and spotlight SAR imaging. In SPECAN
convolution, a quadratic phase azimuth deramping is used followed by a Fourier transform (FT)
to focus the signal in azimuth. The azimuth deramping function is updated with range due to the
azimuth focusing depth. One of its advantages is overcoming the azimuth spectral folding effect,
as the quadratic phase of the returns is approximately compensated by the azimuth deramping
operation. It is well suited for the situation of small range scene and low resolution imaging.
In this paper, we expand this idea to support the generation of high resolution imagery over
a large scene via bistatic spotlight synthetic aperture radar. An azimuth pre-processor based
on SPECAN convolution is presented. The convolution overcomes the Doppler aliasing of the
echoed signal, while the frequency domain analytic formula remains the same. Since the spatial
characteristics of the returns are preserved, the pre-processor is compatible with conventional
focusing approaches. The SPECAN convolution for our preprocessor includes three steps: 1)
the product between returned signal (in the range wavenumber domain) and reference quadratic
function approximately removes quadratic phase related to the center frequency; 2) taking a
curve integration, which can be implemented by a Fourier transform (FT), and it approximately
compresses the signal in azimuth, as the azimuth quadratic phase is approximately removed by
the deramping; and 3) the residual quadratic phase is compensated, by which the spectrums
in the two-dimensional frequency domain is aligned. The convolution is truly a time-frequency
transform. By this convolution, the Doppler aliasing is resolved. Then the output data is trans-
formed into the two-dimensional frequency domain, and after a quadratic phase term is removed,
we have the preprocessed spectrum. The preprocessed spectrum is aligned and unfolded, its
analytic formulation which is the same as conventional formulation of bistatic signal spectrum,
can be derived by some current approaches, such as Loffeld’s bistatic format (LBF), instanta-
neous Doppler frequency method, and series reversion. Then conventional bistatic SAR focusing
approaches can be directly used to obtain wide-swath SAR image with high resolution. The

proposed method is validated by simulated data.
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Abstract— Most ground penetrating radar (GPR) transmits and receives radio waves with a
single polarization. That is, they measure the reflected power returned from the radar’s horizontal
pulses or vertical pulses. Polarimetric GPR measure the reflected power returned from both
horizontal and vertical pulses. By comparing these reflected power returns in different ways
(ratios, correlations, etc.), we are possibly to enhance signal and obtain more information on the
size, shape, and physical property, etc.

We are developing a stepped-frequency (SF) polarimetric GPR system, which consists of two
transmit antennas, two receive antennas, scanning platform, and vector network analyzer (VNA).
VNA can generate ultra-wideband electromagnetic signal. Vivaldi antennas are employed in this
system, because it is a kind of microstrip antenna, which possesses a wide bandwidth and a
high cross-polarization ratio. Four antennas are oriented downwards to the ground and are
organized into a tetrahedral square. The measurement method is to alternate between horizontal
and vertical polarizations with each successive pulse. That is, first horizontal, then vertical,
then horizontal, then vertical, etc. And, of course, after each transmitted pulse there is a short
listening period during which the GPR receives both reflected horizontal and vertical polarization
radio wave pulses.

We test the polarimetric performance of the GPR system using both copper plate reflector and
copper trihedral corner reflector. When the reflector is the copper plate, strong co-polarimetric
(VV polarimetric and HH polarimetric) signals are detected and very weak cross-polarimetric
(HV polarimetric and VH polarimetric) signals are detected. When the reflector is the copper
trihedral corner reflector, strong cross-polarimetric signals are detected.

Polarimetric GPR system may gain additional information about the subsurface characteristics
by essentially controlling the polarization of the energy that is transmitted and received. But it
should be noted that a polarimetric upgrade does not replace common GPR technology. Rather,
it complements it.



Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009

363

Review of GPR Rebar Detection

Xian-Qi He, Zi-Qiang Zhu, Qun-Yi Liu, and Guang-Yin Lu
Info-physics and Geomatics School of Central South University, China

Abstract— Location of reinforcing bars is an important and popular application that has
received particular attention with emphasis on the effects of bar size, spacing and depth upon
ability to detect individual bars and the problems caused by masking of deeper features. In 1997,
Concrete Society published the standard specification for the radar methodology, while in 2003
the Federation of Construction Material Industries of Japan proposed two drafts test standard.

Ground-penetrating-radar is an electromagnetic investigation method. Mostly it is used in re-
flection mode where a signal is emitted via an antenna into the structure under investigation.
The arrival time and the ampleness of reflected signals caused by changes in material properties

is recorded and analyzed.

For the reinforcement concrete, concrete could be regarded as isotropy medium in reinforced
concrete structure, but the rebar would be regarded as abnormal objects. Radar wave would
be shapely reflected at the interface between rebar and concrete because there exists strong
abnormality between the two mediums. As a radar antenna is translated across the surface of
the concrete a series of signals returning to the receiving antenna can then be presented as the

raw results. Signal reflections from reinforcing bars displaying a hyperbolic image format.

Polarization, the direction and amplitude of the electromagnetic field as a function of time and
space, can have a significant impact on the GPR response, and is therefore important to consider
during data acquisition, processing and interpretation. Investigations have demonstrated the
potential of using the polarization characteristics of GPR for defining the sizeshapeorientation

and material properties of buried objects.

The scattering properties of rebar are strongly polarization dependent. The backscattered fields
from rebar may be strongly depolarized depending on the orientation of the rebar relative to the

antennas, and the radius of the rebar compared to the incident wavelength.

The detection of rebar diameter is also important. M. R. Shaw developed a neural network
approach to automate estimation the diameter of reinforcing bars by analyzing the data taken
with the transducer axis parallel and then orthogonal to the bar using a MLP neural network. It
is estimated effectively, but not very accuracy and it is conditionally. Stolte and Nick investigate
the relationship between cylinder radius and hyperbola eccentricity for the purpose of migration.

S. Shihab also establish the following relation between R and the general hyperbola.

Different GPR signatures may be used for detecting internal corrosion of steel reinforcement
within the concrete. Moisture and dissolved chlorides within the concrete attenuate the radar
signals that are reflected from embedded rebar. They also decrease their average velocity of the
reflected signal resulting in increased arrival times. Generally, lower relative reflection magni-
tudes and greater travel times are indicative of greater corrosion or deterioration of rebar. The
amplitude of rebar reflection in sound section is strengthener the amplitude of the corrosion or

deteriorated section.
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Abstract— With the changing of fabrication method from micro-size to nano-size, porous
alumina templates may play a key role in nano-technology evolution.

Anodic aluminum oxide (AAO) nano-templates have been widely used to prepare nano-wire
arrays, because their cylindrical and uniform holes can be easily controlled by the changing of
anodizing conditions in the subsequent procedure. There are many other potential applications
for porous alumina templates, ranging from the simple fabrication of nano-structure arrays to the
more complex processing of components for end-user products such as nano-integrated circuits,
gas sensors, also potential applications in high density magnetic memory, giant magneto resistance
(GMR) sensors, and magneto-electronic devices.

This study investigate the magnetic properties of several kinds of nano-wires such as Ni, Co and
Fe which will be used as a main component in 3D nano-wire arrays for Magnetic Memory Devices
or MRAM.

The AAO templates were prepared by a two step anodization process in a mixture phosphoric
acid, sulfuric acid and oxalic acid. Ordered nano-wire arrays were prepared in this porous AAO
templates using by the electro-deposition in Watt solution and additives. The ordered nano-wires
were examined the microstructure, chemical composition and magnetic property by using Field
Emission-Scanning Electron Microscope (FE-SEM), Energy Dispersive Spectrometer (EDS), X-
ray diffractometer and Vibrating Sample Magnetometer (VSM) techniques, respectively.

Experimental results show that the magnetization reversal mode for multi-layer nano-wires de-
pends on the magnetic layer thickness. The diameters of Ni, Co, and Fe nano-wires in the array
were about 100 nm and the length is about 30 pm with the aspect ratio of about 300. Ni, Co and
Fe nano-wires have high remanance (Br = 0.00140 emu) and have lower coercivity (Hc = 250 G).
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Abstract— Microwave radiometers need to be calibrated by the loads with known emissivity
and physical temperatures. In theory, the emissivity can be obtained by differential scattering
coefficient measured in the full-space. Recently, there is increasing interest in utilizing reflectivity
(either with or without global integration) to dynamically measure emissivity and improve the
accuracy of the emissivity measurement. However, the full-space bistatic measurement system is
often too expensive and inconvenient to be implemented in practice. Alternatively, the monostatic
radar has been utilized to measure the back scattering from the calibration load, which could
only provide a rough estimation on the emissivity. In order to realize the high accuracy of
emissivity bistatic measurement as well as reducing its complexity, the bistatic scanning in the
two principal planes with some approximation is introduced. The purpose of this study is to
give an assessment on accuracy of the bistatic emissivity measurement system in obtaining the
emissivity characterization of the calibration load.

In this paper, the measured emissivity of the calibration load is conducted, taking into account
of some reasonable approximation. The calibration load, utilizing in the bistatic measurements,
is constructed with a periodic metallic pyramid array coating absorbing material and is ap-
plied in the radiometer thermal/vacuum calibration. Several types of antennas, working on
10.65 GHz ~ 36.5 GHz, are implemented as the sending and receiving antennas, inculding the
spot-focusing lens antenna, conical antenna and choked antenna, etc. Moreover, based on the
obtained emissivity in various measurements, an optimized bistatic measurement system with
the optimized combination of the proper receiving antenna, orbit radius and sampling points can
be implemented to provide more accurate emissivity measurement.
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Abstract— Gas Insulated Switchgear (GIS) have the advantage of covering the smaller area,
running more safely and reliably, less constant-maintenance, overhauling in a longer period and
so on, so it develops very quickly and gets more and more application when it came out. Partial
discharge(PD) phenomena is the most common characteristic before insulation breakdown in
GIS. The UHF-method, as its name suggests working in the frequency range (300 MHz-3 GHz)
has been widely used to obtain more exact PD signals. A lot of practical experience with the
UHF-method has been reported in the past. But for the effective application in practice and the
correct interpretation of the measurement results, it is necessary for us to research the character-
istics of UHF electromagnetic waves. By UHF method of measuring GIS partial discharge, the
big problem is to mark apparent discharge quantity. Moreover, it is hard to distinguish what the
principal influence upon magnitude of UHF signals is. To solve them, wave-guide cavity configu-
ration is utilized and FDTD method, which is a numerically exact technique to solve Maxwell’s
equations with given boundary conditions, is used to simulate transmission of PD (partial dis-
charge) electromagnetic wave in wave-guide. The paper also introduce how to make a model
structure setting and a subdivision setting with XFDTD. Therefore, factors influencing UHF
signals are analyzed, which include position, dimension, PD current amplitude and pulse shape
of PD source. From the experimental data, we can draw many useful and progressive conclusion.
Such as, UHF singles have direct relation to the distance of PD source. Meanwhile, when the
pulse width is constant, the square root of UHF single energy is direct ratio to the amplitude
of the real pulse. According to UHF output signals, original PD pulse can be estimated, all of
which will contribute to marking GIS partial discharge and studying mechanism of PD further.
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Abstract— In this paper, we propose a new numerical method for bulk and leaky detection
of an acoustic microwave signal during the propagation of acoustic microwaves in a piezoelectric
substrate (Niobate of Lithium LiNbOj3) excited by interdigital transducers. Moreover, we know
that the Fourier transform presents a global spectral study of signal, this is not interesting if we
want to study a signal locally and know its features in a more precise manner. By the use of
wavelet transform, we can reduce this drawback. The originality of the wavelet transform consists
of the local analysis of signal singularities (or signal pseudo-singularities) where abrupt events
appear and hence access to hidden information by using the scale of this transform as up scaling
parameters. These pseudo-singularities (correspond to abrupt variations) inform us of presence
of bulk and leaky waves in piezoelectric materials.

For this, we based our analysis on the tensorial piezoelectric equations. These equations have
been used thoroughly in the study of surface acoustic waves (SAW) or Rayleigh wave. In theses
equations we have a very important parameter called acoustic velocity. Its importance is due
to the fact that its variation begets the variation of the other parameters. On the other hand,
it permits to provoke pseudo-singularities at the level of the wave. Some results are given, they
lead to some interesting conclusions.

Furthermore, this transform proved its efficiency in many application, such as signal processing
and the analysis of waves in microstrip structures. Hence, it can play an important role in the
modelling of pseudo-singularities in acoustoelectronic.
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Abstract— Satellite thermal infrared (TIR) imaging data have been proposed to map large
linear structure and fault systems in the Earth’s crust and to monitor geophysical phenomena
associated with major earthquakes. TIR radiation anomaly can provide early warming infor-
mation for impending earthquakes, and is considered to be a new precursor of shocking. The
satellite TIR remote sensing, for the advantages of large observation area and short observation
period, is becoming a promising technique for detecting earthquake and for monitoring tectonic
activities. Surface Latent Heat Flux (SLHF), as an atmospheric parameter proportional to the
evaporation from the Earth’s surface, is dependent on meteorological parameters such as surface
temperature, relative humidity, wind speed and underlaying surface.

Recently, analysis to SLHF from the epicentral areas of several coastal earthquakes in the world
was found be possible to provide meaningful anomaly. The spatial-temporal anomalies of satellite
SLHF, observed several months to several weeks before shocking, were suggested to be pre-seismic
signals. The results of SLHF anomaly investigations in coastal regions had indicated that: 1) the
SLHF anomaly is sensitive to earthquake above Ms5.0, 2) the SLHF anomaly usually appears
from 2 ~ 19 days before and disappears quickly after the shocking, 3) the anomalous behavior of
SLHF is not found for terrestrial earthquakes in India.

In this paper, the SLHF behaviors of the epicentral areas of one coastal earthquake and three ter-
restrial earthquakes are analyzed. The spatial distribution of the SLHF behavior, from the NCEP-
NCAR reanalysis data of the IRI/LDEO Climate Data Library (http://iridl.ldeo.columbia.edu/),
prior to each event is studied in a 15° by 15° area with the pixel covering the epicenter. The
data set is in resolution of global grid 1.8° x 1.8°, and the daily values of a months before and
after shocking from 1991 to 2007 are taken for analysis. Since SLHF is affected by the winds,
tides and monsoon, it is spatial-temporally changed. To analysis the SLHF anomaly prior to
a shocking, the perennial spatial-temporal influences are considered as background trend, and
the SLHF data of 16 years (exclude the year shocking) are used to calculate the mean values of
SLHF for each pixel as perennial trend. To analyze the SLHF behavior of the epicenter and the
adjacent regions of shocking, the procedures are as following:

1) The mean value and the standard deviation (the same month and the same day of 16 years)
are calculated so as to get the background trend of each pixel.

2) The daily anomaly index of each pixel can be calculated as:
Al = (SLHF(r, £) — SLHF(T)) JosLr

SLHF(r,t) is the daily value of SLHF, SLHF(r) and osyyr are the mean value and standard
deviation of each pixel respectively;

3) If AT > 1.5, the pixel is considered to be an anomaly pixel;
4) The group of the anomaly pixels is considered to be a potential seismic active region.

The analysis shows that the maximum increase of SLHF was found to be 2 ~ 17 days before
shocking. It was suggested that SLHF together with other meteorological data such as surface
temperature, water vapor, cloud liquid water and outgoing long wave radiation can be used for
early warning of costal and territorial earthquakes in China.
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Abstract— Dielectric models of the soil and vegetation are an essential part in the algorithms
used for data processing with regard to the problems of radar and radiothermal remote sensing.
At present, the semiempirical dielectric model (SDM) proposed in [1] has become a routine
instrument for predicting permittivities of moist soils in the microwave band. Wide spread
occurrence of this model is partly caused by its direct linkage to conventional agro physical
variables describing moist soils, which are the input parameters sufficient for dielectric predictions.
At the same time, once the SDM was developed on the bases of limited dielectric measurements
what really needs to be analyzed about this model is its accuracy when being applied to the
soil types and used in the range of temperatures falling out of the domains encountered in [1].
In this context, the SDM was recently shown [2] to generate predictions for an assemblage of
soils measured in [3] with three times as large error compared to that it does in the case of the
prototypal soils. Meanwhile, the impact of temperature variations on the SDM accuracy has not

been analyzed yet.

In this paper, such a task was formulated and accomplished using the soil dielectric data for a
Silty Sand soil acquired in [3] at the temperatures of 10, 20, 30 and 40°C, over the frequency
ranges from 45MHz to 26.5 GHz, with a wide range of moistures. First, the predictions for
dielectric constants and loss factors measured in [3] were calculated using the SDM, in which the
temperature impact was taken in accordance with the formulas attained in [4] for the dielectric
constant of soil water. The error calculated in terms of standard deviation of predictions, made
with the SDM, was found to be as large as that at the temperature of 20°C, which was considered
in [2]. Therefore, in this paper, the methodology of [2] was used to ensure dielectric predictions
at all the temperatures, that is, 10, 20, 30 and 40°C, with much less error than the SDM does.

Moreover, for all the spectroscopic parameters used in the methodology of [2] there were ob-
tained regression dependences on the temperature, relating to both the bound and free soil water
types. Particularly, in the case of low frequency dielectric constant limit, the Clausiuss-Mossotii
equation was taken as a theoretical regression equation describing temperature dependence, with
the volumetric expansion coefficients and the starting dielectric constants becoming the only pa-
rameters accounting for temperature dependence. As to the relaxation time, for its theoretical
regression equation, there was taken the Debye relaxation formula, with the activation energies
and entropies of activation being determined through fitting procedure in order to ensure the re-
laxation time dependence on the temperature, for both soil water types. Finally, the temperature
dependences for conductivities of both soil water types were well fitted with linear functions to
provide for the starting conductivities and conductivity incrementations as regression parameters.

As a result, an assemblage of parameters consisting of volumetric expansion coefficients, starting
low frequency dielectric constants, activation energies, entropies of activation, starting conduc-
tivities, and conductivity incrementations were derived with the use of dielectric data measured
in [3]. These, in conjunction with dry soil complex dielectric constant and maximum bound
water fraction, were found to be an all-sufficient set of parameters to make possible predictions
of complex dielectric constants of moist soil as a function of frequency, volumetric moisture, and
temperature. The error of these predictions in terms of standard deviation was found to be 3

times as small compared to the ones obtained with the SDM.
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Abstract— Ground Penetrating radar systems has been utilized for the detection and imaging
of buried underground objects using electromgnetic waves, in 10 MHz to 1 GHz frequency range.
In GPR terminology antenna footprint is defined as a collection of peak-to-peak amplitudes of
the transmitted pulse in a horizontal plane. Antenna footprint indicates the shape and size of
the area illuminated by the antenna on the ground surface or subsurface. Its importance lies in
the fact that it determines the cross-range resolution of the GPR. If the size of the footprint is
larger than the cross section of the target, it gives rise of clutter as the antenna illuminates not
only the target but also the surrounding medium. Clutter can be maximally reduced if the size
of the footprint is comparable with the cross section of the target. However, this is not always
easily achieved as targets usually have different dimensions while the size of the antenna footprint
remains fixed. In this work we investigate the GPR footprint of rolled dipole antenna operating
at 600 MHz.

First phase of this research is the design of a rolled dipole antenna. The antenna is designed
for a monocycle ground penetrating radar pulse which normally at 600 MHz operating frequency
has relatively long dimension of 98 cm. 600 MHz frequency is suitable for GPR low resolution
applications. A rolled dipole structure has been developed to obtain reasonable length of 25 cm.
To obtain better pulse response in terms of ringing suppression, Wu-King resistive loading method
has been applied. In each dipole arm, 65 resistors is used with 1 cm separation between resistor
pair. The pulse response of this antenna is then simulated using FDTD method.

The second phase is the implementation of the rolled dipole antenna with single layer PCB
using FR4 material. The third phase is the antenna parameter measurements; three antenna
parameters has been measured, i.e., input impedance, monocycle pulse response and antenna
GPR footprint. A special, indirect method of measurement setup has been developed to obtain
the monocycle pulse response, while separate antenna measurement range is utilized to measure
the antenna GPR footprint. In the pulse response measurement, So; paremeter is measured with
vector network analyzer; this frequency domain measurement result is then processed by a post
processing software to obtain the time domain pulse response. The pulse response measurement
shows significant improvement in the ringing reduction when Wu-King profile resistive loading is
utilized in the dipole, leaving the main pulse representing a good GPR pulse.

In the antenna GPR footprint measurement a fixed transmitting antenna is buried in sand with
17 cm depth, while the rolled dipole antenna acts as receiving antenna, moving in the z-y direc-
tions with 3 cm clearance from the ground. The measured footprint is represented as contours of
normalized peak-to-peak voltage (0dB, —10dB, —20dB and —30dB). The measured footprint
dimension for 0dB level is around 30 x 60cm. It is concluded that the rolled antenna dipole
is suitable for GPR application as the dimension of the antenna footprint is comparable with
commonly found buried object dimensions. The next development using this type of antenna is
antenna array realization to obtain adaptive GPR footprint.
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Monioring of Satellite Thermal Pattern in the Azores Current Area
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Abstract— This is an introduction of the sea surface thermal pattern monitored by the satellites
for the problems in the Azores Current area of the northeastern Atlantic. This thermal pattern is
a typical sample case of the author’s model for monitoring of satellite thermal pattern. The author
has noted on this satellite monitoring in order to realize a ocean front evolution. Nevertheless,
he could not have demonstrated any typical case of ocean thermal pattern for the sea surface
temperature observed in-situ along a leg directly on the sea.

Professor Martins of the University of Azores introduced one of the typical case of the author’s
interest. The Professor Martins and her group has promoted oceanographic process in relation
to fisheries problems to find the satellite thermal pattern noted above.

The author here gives you a note on the satellite thermal pattern found in the area of the Azores
which supports the author’s model for the ocean front evolution.

This note might give us a key to promote an application of the satellite monitoring for the ocean
surface to promote the related research.
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Abstract—

Introduction: So far, the radiometric remote sensing of moist soils has been focused on retriev-
ing only volumetric soil moisture [1], with almost no studies having been developed to remotely
sense hydrological properties of soils, such as the maximum bound water fraction (MBWF) re-
tained by a given type of soil. This situation can be partly attributed to using the semiempirical
dielectric model [2-4] in the majority of these studies, in which the MBWF was not explicitly
introduced as a distinct parameter. At the same time, recently, the MBWF as a hydrological soil
parameter was proposed to be used in the generalized refractive mixing dielectric model (GR-
MDM) for moist soils [5], which made possible, at least in principle, deriving this parameter from
radiometric or radar remote sensing data. In this paper, a method of radiometric measurements
of the MBWF is considered, using the GRMDM.

Measurement Methodology: First, on the basis of GRMDM parameters analyzed for a variety
of soils in [6, 7], there were established regression relationships between the real, n;, and imaginary,
K¢, parts of the complex refractive index regarding the soil with volumetric moisture equal to
the MBWF, W;, on the one hand, and the MBWF itself, on the other hand. These equations
can be expressed in the following form: n.(f, T, W;) = a(f, T)W; + b(f,T) and k(f, T, Wy) =
c(f, YWy +d(f,T), with the wave frequency, f, and physical temperature, T, being parameters.

Second, with the use of the GRMDM, the emissivity for moist soils was expressed through the
real and imaginary parts of the complex refractive index at a given total volumetric moisture,
W, as follows: n(f,T,Wy,Wa) = n:(f,T,W:) + [na(f,T) — 1]Wa and &(f,T,W;, AW) =
ke(f, T)+6a(f, T)Wa, where na(f,T) and ka(f,T) are respectively the real and imaginary parts
of the complex refractive index of soil water, which is the exceeding of the total soil moisture,
W, over the MBWF, W = W — W,. The emissivity of moist soil, x, depends on the complex
refractive index via the Fresnel reflection coefficient. As a result, it appears to be a known
function of four arguments, x = x(f, T, Wt, Wa), provided the functions na(f,T) and ka(f,T)
are determined from some other consideration.

Third, to derive the MBWF, it was proposed in this paper to measure the emissivity of thawed
soil directly before freezing and after freezing, with the depth of frozen layer being equal to, or
greater then, the depth of sensing and the temperature of soil being confined in a narrow range
around the freezing point.

Finally, the values n:(f, T, W) and k¢(f, T, W) were supposed to undergo only small variations
with the temperature, so that they were estimated at the temperature of 20°C with the use of
data presented in [6]. While, in the case of thawed soil, the values of sna(f,T) = ny(f,T) and
ka(f,T) = ke(f,T) were calculated using the Debye formula for liquid water, according to [8],
and, in the case of frozen soil, they were taken to be equal to the real and imaginary parts of
the complex refractive index of ice: na(f,T) = n.(f,T) and &a(f,T) = kc(f,T). In the final
analysis, the system of two transcendental equation was obtained, x, = Xq(f, T, Wy, W,) and
Xe = Xe(f, T, Wy, W.), which is to be solved with regard to the MBWF, W, and liquid water
fraction, W, = 0.917W,, using x4, and x. measured as input values.

Validation Of Results: To validate the proposed technique the emissivities at 6.0 GHz for
two soil plots having different values of W; were measured in the thawed and frozen conditions.
Simultaneously, the MBWF's and bulk volumetric moistures for both soil types were determined
as reference values with the use of other laboratory and field measurements. The difference
between the reference values and the values measured with the proposed method was found not
to exceed 10%.
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Abstract— Permanent scatterers interferometry is a technique to exploit the temporal and
spatial characteristics of interferometric signatures collected from point targets to accurately
map surface deformation histories, terrain heights, and relative atmospheric path delays. It is
a complicated technique composed several processing steps: PS selection, pixel triangulation,
phase unwrapping. . .. Each step can affect the monitoring results to some extent. Among these
steps, permanent scatterers selection is the first one. It will strongly affect the other following
processing steps. So it is most important in PS technique.

Many methods has been developed for selecting permanent scatterers. These selection methods
are based on pixel amplitude stability, pixel phase stability, and also spatial coherence. Coherence
has been widely used as an indicator of interference quality. So the spatial coherence is used to
obtain the maximum likelihood estimator of the coherence magnitude, and provides an estimation
of the accuracy of the pixel’s phase for each interferogram that is not dependent on the number
of images available. The required estimation window decreases the spatial resolution, also can
cause loss of isolated scatterers which could be selected with the amplitude or phase criteria.
On the other hand, the selection based on amplitude presented by Ferretti estimates the phase
standard deviation of every pixel from its temporal amplitude stability, which preserves the
maximum spatial resolution of the images and allows detecting single isolated scatterers smaller
than a resolution cell. These two methods are widely used by all researchers, and proved their
effectiveness in most tests.

But these traditional PS selection methods have limitations, because they have not taken new
building or house-breaking into consideration. The selection methods using amplitude stability
and spatial coherence are not considered the temporal value variation, often mis-selecte new
buildings as permanent scatterers. But in many areas, especially in many developing cities,
many buildings are newly built, rebuilt, or disappeared for reprogramming the city. Cities change
almost every year. There two pictures following are examples of the changing city.

Figure 1: An example of an area from nothing to a new building.

Since China is a developing country, many cities there are changing in a high speed. Tianjin
is one typical city of them. We applied permanent scatterers interferometric technique to the
subsidence monitoring of Tianjin urban area. 17 ASAR images of this area, from April 25 in
2003 to June 3 in 2005, have been used. We get 16 interferograms in this experiment. Our PS
selection method can choose out permanent scatterers with high reliability, solving the problem
caused by changing city buildings.
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Abstract— Satellite image simulation is one of the key methods to check the expected perfor-
mance of the satellites before they launched or when satellites can not provide images in other
time. In order to provide a useful tool to analyze whether the payload of HJ-1B (a small satellite
of the environment-monitoring constellation) is enough, we develop a simulation system for the
infrared cameras, which consists of four bands including NIR band (0.75-1.10 pm), SWIR (1.55-
1.75 pm), MIR (3.50-3.90 pm) and TIR (10.5-12.5 um). The spatial resolution of NIR and SWIR
band is 150 meter, while 300 meter for the MIR and TIR band. The sensor is an optical-mechanics

multi-scanning system with maximum scanning degree of 29 degree.

The image simulation system consists of four main modules: 1) surface radiation transfer models
including PROSPECT, SAILH, CUPID, GOMS model and etc; 2) Atmosphere transfer model
MODTRAN is used to build simpler equations and setup Look Up Tables for different sun-viewer
positions; 3) Sensor models including spectral response model, geometrical distortion model, MTF
response model, noise model and A/D model; 4) Potential application models including the fire
monitoring model and drought assessment model. We first use ASTER Products (one scene in
Beijing, China, 2001.5.19) and ground measure data (2001, SHUNYT, Beijing) to get the ground
true knowledge such as the land use map, vegetation cover and LAI and so on. We divided the
land cover into 5 main classes: crop, forest, urban, rural residential area and water and inversed
importance parameter for surface radiation transfer models according to their classes. Lacking
of accurate BRDF models for urban, we have to adapt GOMS model to inverse urban and rural
building density and height. For plant-soil system, we choose CUPID model (Norman, 1979) to
simulate directional brightness temperature. For urban and rural area, we used statistics model
to predict component temperature, e.g., the building temperature and road temperature, and
used adapted GOMS model to simulate the angle effect of brightness temperature. Taking into
accounts of the temporal importance, we maybe make use of new model based on physiology,
physics and chemistry to inverse indispensable parameters in different time which are input above

models, such as LAI, water content in soil and so on.

Among the four bands, the MIR range image simulation is the most difficult task because we
have to consider the reflectivity and emissivity. We haven’t found the published case to simulate
the MIR band so far. We used Extended SAIL model and jerlhoff law for infrared range to
simulate emissivity and BRDF for plant-soil system. For other classes, we didn’t account for
the directional effect in MIR band at present time. At present, we have finished the simulation
system using Microsoft Visual C++ 6.0. The system was well designed because all modules are
relatively independent, and easy to be extended. It can well describe the angle-dependant effect
due to the swing of scanning system. For example, from the simulated image, we can find the
“double eye” phenomenon at the edge. Also, the MTF blurring is significant. The potential
application models are still under development. At the next step, we will make the simulation

system general for different infrared sensors, different temporal images.
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Abstract— Time-domain UWB multipath propagation channel model can characterize the
most important electromagnetic wave propagation mechanisms, such as reflection, diffraction
and transmission. Among these mechanisms, diffraction is the main reason causing the pulse
distortion due to the consequences of the frequency dependency. Although a lot of papers have
addressed the single time domain diffraction issues, in real environment the transmitted signals
usually undergo multiple diffractions before it reaches the receiving antenna. So it is necessary to
extend the single diffraction solution to multiple-diffraction. In this work the time-domain dou-
ble diffraction case which can be extended to multiple-diffraction is investigated and a heuristic
time-domain uniform theory of diffraction (TD-UTD) coefficient for a double wedge obstruction
is presented. This coeflicient is obtained by taking the inverse Laplace transform of an avail-
able and accurate corresponding frequency domain (FD) solution that incorporates higher-order
diffraction coefficient. Furthermore, based on the fact that UTD is an asymptotic solution, it
is valid only for early-time wavefronts and, consequently, to assume that the Fresnel reflection
coefficients do not vary with frequency. This early-time approximations are employed to heuris-
tically establish the double TD-UTD coefficients for the analysis of the diffraction by dispersive
obstacle wedge. Finally, some numerical examples illustrating the utility of this TD-UTD are
presented and to validate the proposed solution, comparisons are made between the TD solution
and the numerical inverse fast Fourier transform (IFFT) of the FD solutions. The results show
a very good agreement between the two solutions with the TD solution being more efficient in
computation time and more straightforward for the analysis of pulse distortion.



Progress In Electromagnetics Research Symposium Abstracts, Beijing, China, March 23-27, 2009

377

Forward Scattering Indicatrix of Aircrafts In L and S Frequency

Bands

V. A. Gromov and G. S. Sharygin
Tomsk State University of Control Systems and Radioelectronics
40 Lenin Ave., Tomsk 634050, Russia

Abstract— It is known that the radar cross section (RCS) of targets not transparent for radio
waves depends both on the target aspect angle and on the two-position angles in horizontal and
vertical planes (« and ). In case of bi-static barrier radar location, when « and g are about 180
degrees, RCS rapidly grows reaching 4-7- (S/))?, where S is the target cross section and ) is the
wave length. The value of this RCS does not depend on the target form and absorbing covering.

Unfortunately, publications do not provide data describing real targets RCS dependence on the

angles o and f.

The authors simulated wave diffraction on eight aircrafts of Russia, USA, France and Great
Britain basing on Huygens-Fresnel approximation. The target was described as an obstacle —

the aircraft projection in the plane perpendicular to the illumination.

The simulation allowed to calculate the scattering indicatrixes (diffraction lobes of re-illumination)
of targets in the horizontal and vertical planes and in 10 cm and 30 cm frequency bands for bi-
static angles of (180 £ 55) degrees and different target aspect angle. Part of these data is given

in the table. They illustrate the practical value of the simulation.

The aircraft type F-22, USA B-2, USA
Target aspect angle 0 90 0 90
Wave length 10 cm
RCS (dB/m?) for a = 8 = 180° 48 63 66 66
Indicatrix width at the level —3dB (degr.):
In horizontal plane +2.5 +0.8 +0.5 | £0.4
In vertical plane +4 +2.5 +4 +1.5
Indicatrix width at the level —20dB (degr.):
In horizontal plane +13 +6 +10 +3
In vertical plane > 460 | 420 +27 +10
Wayve length 30 cm
RCS (dB/m?) for a = 8 = 180° 38 53 58 56
Indicatrix width at the level —3dB (degr.):
In horizontal plane +8 +2.5 +1.5 | £1.5
In vertical plane +13 +7.5 +12 +4
Indicatrix width at the level —20dB (degr.):
In horizontal plane 442 +18 +28 +7
In vertical plane > +60 | > +60 | > +60 | £33
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Coherent Terahertz Smith-Purcell Radiation from a Two-section
Model

Zongjun Shi', Zigiang Yang', Feng Lan', Xi Gao', Zheng Liang', and D. Li?

nstitute of High Energy Electronics, University of Electronic Science and Technology of China
Chengdu, Sichuan 610054, China
2Institute for Laser Technology, 2-6 yamada-oka, suita, Osaka 565-0871, Japan

Abstract— This paper presents a two-section model to produce beam bunching and obtain
coherent Terahertz (THz) Smith-Purcell (SP) radiation. A schematic diagram of the two-section
model is given in Fig. 1. Based on the mechanism of Cherenkov oscillator, a continuous beam
is effectively bunched in the first section without external signal. In the second section, the
coherent THz Smith-Purcell (SP) radiation is stimulated by the bunched beam interacting with
open grating. From Fig. 2, we note the bunching is evident the particle-in-cell (PIC) simulations
show that the strongest radiation is observed at 51° and the radiation frequency is 194 GHz at
the simulation parameters, as illustrated in Fig. 3. In this scheme, the periodic bunches are
generated by itself instead of the input signal, and the cost of the source will be reduced.

SP radiation

¥ / —
1
H section I H section II
roof 1
= s 3-6--0-4--0-6---~
8 d  continuous beam, \
' > ! bunching beam
vy ' ] ]

hI : e

Figure 1: Schematic diagram of the physical model.
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Figure 2: Density of electrons in the z-y plane at  Figure 3: The peak of FFT amplitude of B, as a
3 ns, bunching is evident. function of angle.
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Modeling the Electromagnetic Scattering from a Dielectrically Filled

Groove Using the Method of Auxiliary Sources

Naamen Hichem and Taoufik Aguili
Département Technologie de I'information et de communications
Ecole nationale d’ingénieurs de Tunis, Tunisia

Abstract— Scattering of electromagnetic waves from a 2D groove filled with a lossy dielectric
in an infinite conducting plane is modeled using the method of auxiliary sources. The scattering
structure contain two mediums (perfectly electric conductor and the lossy dielectric) considered
as strongly coupled.

According to the MAS, in order to approximate the electromagnetic fields in each domain, fic-
titious current sources verifying the Helmoltz equation in the considered domain are introduced
and distributed around the physical boundary.

Three bases of AS must be taken into account, the satisfaction of the respective boundary con-
ditions between the dielectric, the PEC and the upper free space model the strong coupling
affecting the structure.

Therefore, the scattered field is the superposition of the scattered fields by the two mediums.

The implementation code was realized with Mathematica, and the numerical results (RCS, near
field) agree very well with references.

The MAS in conjunction with the EM coupling model is able to analyze the scattering from finite
gratings.
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Analysis of Two-dimensional Scattering by a Finite Periodic Array
of Conducting Cylinders Using the Method of Auxiliary Sources

Naamen Hichem and Taoufik Aguili
Département Technologie de I'information et de communications
Ecole nationale d’ingénieurs de Tunis, Tunisia

Abstract— According to the method of auxiliary sources and for conducting bodies, the scat-
tered field is the summation of radiated fields by a set of auxiliary sources distributed on a
fictitious inner contour near the physical one and satisfying the Helmoltz equation outside the
considered domain. The satisfaction of boundary conditions leads to the unknown complex cur-
rents. The MAS applied to model coupling between a finite array of infinitely and parallel
conducting cylinders, illuminated by a monochromatic plane wave. The coupling modeled by the
mutual satisfaction of the boundary conditions just on the collocation points of every cylinder.

In the purpose to decrease the computational cost and to alleviate calculus, we suppose that every
cylinder is coupled only to the eight neighbouring cylinders. The partial coupling implementation
full simplifies the global matrix expression.

The comparison between the results obtained (RCS, field pattern) according to global and partial
coupling for the same array reveals good agreement with references.

In this paper, we validate the MAS applicability for the global coupling and the approximation
validity for the partial coupling for a finite array of conducting cylinders.
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Single Scattering Properties of Ice Particles in mm/sub-mm
Waveband: Effects of Refractive Index and Shapes

Xinxin Xie and Jungang Miao
Electromagnetics Laboratory, School of Electronic Information and Engineering
Beijing University of Aeronautics and Astronautics, Beijing 100191, China

Abstract— Cirrus clouds play an important role in the radiation balance of the earth. Their
distributions and microphysical parameters are vital to the global circulation models. Many
kinds of ice crystals exist in cirrus clouds, including considerable amount of non-spherical shapes,
like plate, pyramid, polyhedron, solid or hollow column, bullet and bullets aggregation, etc. The
scattering and absorption characteristics of these ice particles are essential to perform radiative
transfer in order to retrieve cirrus cloud parameters. Analytical and numerical methods, which
are tested to be valid and accurate for regular shapes like spheroids etc., have been applied for
calculating scattering properties of particles for remote sensing. For particles of irregular shapes,
scattering properties can be solved by volume integral equation methods such as discrete dipole

approximation (DDA), etc.

The scattering properties of an ice particle are determined by many factors, for example, the
refractive index, the shape, the size parameter, the orientation and so on. In this paper, the
effects of refractive index and shapes for single scattering properties are investigated. Mie theory
is employed to simulate the effects of refractive index for ice spherical particles in mm/sub-mm
waveband. The DDA method is also introduced to calculate the scattering properties of Koch
fractals (first generation), bullets and their aggregation. Assuming that the ice particles are all
randomly oriented, we have computed the average scattering results for several target orientations
of each shape. Measurements are in process to validate the accuracy of computational results
using DDA method. Based on the calculation and measurement results, we expect to have an

insight into the scattering properties of ice particles.
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Radio-frequency Characteristics of a Printed Rectangular Helix
Slow-wave Structure

Chengfang Fu, Yanyu Wei, Wenxiang Wang, and Yubin Gong
National Key Laboratory of High Power Vacuum Electronics
University of Electronic Science and Technology of China, Chengdu 610054, China

Abstract— A new type of printed rectangular helix slow-wave structure (SWS) is investigated
using the field-matching method and the electromagnetic integral equations at the boundaries.
The radio-frequency characteristics including the dispersion equation and the coupling impedance
for transverse anti-symmetric (odd) modes of this structure are analysed. The numerical results
agree well with the results obtained by the EM simulation software HFSS. It is shown that
the dispersion of the rectangular helix circuit is weakened, the phase velocity is reduced after
filling the dielectric materials in the rectangular helix SWS. As a planar slow-wave structure, this
structure has potential applications in compact TWTs.
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Investigation of the Dielectric-loaded Folded Waveguide
Traveling-wave Tube Amplifier

C. Q. Zhang, Y. B. Gong, H. R. Gong, Y. Y. Wei, and W. X. Wang

National Key Laboratory of High Power Vacuum Electronics of UESTC, Chengdu, China

Abstract— The cold-test characteristics of the dielectric-loaded folded waveguide traveling-
wave tube (FWTWT) amplifier are investigated theoretically and the Pierce small-signal theory
is employed to confirm the results. For the purpose of analysis, the discussions are separated
into symmetric case and unsymmetrical case according to the loading form of the dielectrics.
The calculation results indicate that both of them can significantly reduce the phase velocity and
flatten the dispersion curve, especially the unsymmetrical form. However, loading dielectric in
an unsymmetrical form will lead to a large decrease in the on-axis interaction impedance, thus it
is recommended to use the symmetrical form. It is further found that when the thickness of the
dielectric is small, i.e., hy/a < 0.1, the interaction impedance is slightly affected for the variation
on dielectric constant. The linear theory for the Q-band dielectric-loaded FWTWT amplifier
shows that the bandwidth is increased from 15.08% to 27.03% and the operating voltage is

decreased from 20.5kv to 18.6 kv.
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Analysis of the Varying-period Folded Waveguide

Ao Xu, Wen-Xiang Wang, Yan-Yu Wei, and Yu-Bin Gong
National Key Laboratory of High Power Vacuum Electronics
School of Physical Electronics, University of Electronic Science and Technology of China
Chengdu 610054, China

Abstract— The dynamic velocity tapering is widely used to improve the efficiency of the beam-
wave interaction in the slow wave structure of the TWTs. As an application of this technique,
the varying-period folded waveguide has a series of the advantages such as the mode selection
and the wide bandwidth. In this paper, the principle of taking a space harmonic to synchronize
with the electron beam in the whole interaction process in a varying-period folded waveguide
is present, the varying-period folded waveguide is analyzed by the simulation software, and the
efficiency improvement is obtained.
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The Anisotropy of Dielectric Losses in Single Crystal of Al,O3 and
SiO,

Victor N. Egorov, Vladimir L. Masalov, and Ivan B. Ozhogov
East-Siberian branch of FSUE “VNIIFTRI”, Russia

Abstract— The precision measurements of dielectric loss tangent were performed in single
crystals Al;O3 and SiO9 at X- and K-bands. The “whispering gallery” modes HE (quasi-F) and
FEH (quasi-H) with two polarizations in cylinder (disc) open dielectric resonator (DR) [1, 2] was
used for longitudinal (]|) and transverse (L) dielectric loss tangent (tgd) measurements in uniaxial
crystals. In measurements the disc specimen (open DR) with parallel orientation of optical and
geometrical axises was mounted on copper post in central part of disc where the electromagnetic
field of “whispering gallery” modes is negligible small. The heater and temperature sensor of DR
were placed on this copper post. The excitation of HE,1; and FH,1; modes was performed by
microstrip line at frequencies of X-band and by rectangular dielectric waveguide in K-band. The
measured open DR was exiting as directional coupler in “running wave” regime. The azimuthal
mode index n should be big sufficient for providing of negligible small radiation losses compared
dielectric losses. In this condition the components tgd)|, tgdL are calculating as [3]

-1 E -1 H
Qom - KlEH —Qug- KlEH

E . H _ i H | KE
KlEH Kip1 KlEH Kip,

-1 H -1 E
Qop - Kip) —Qon - Kip,

E . H _H | KE
KlEH Kig, KlEH Kig,

tg(SH = tgéL =

where Qog, Qom-unloaded quality factor of HFE,;;, and FH,;; modes with negligible small

o EH _ i EH g EH 1 -BH _ 1 BH B H, v B H 1B H i
radiation losses, KIEH = WlEH JWs 7 K = Wi /Ws s W1E|| , Wi -electrical energy

of field components F), £, in dielectric disc; Wg ’H—complete energy of resonance. The upper
indexes are corresponding to HE, 11 (quasi-F) and EH,1; (quasi-H) modes. Difference between
Qoe, Qog for KFEH +KE | ~ KEEH + K ¥, | point to an anisotropy of tgd due to the relationships
Ky > Kip,, K{p < K{p, in DR.

The measurements of quality factor Qog, Qog of sapphire and single crystal quartz “whispering

gallery” DR show the significant difference between quasi-E and quasi-H modes. The experi-
mental results of tgd)|, tgd, for SiO at room temperature are given in table.

HE, 11 EH, 11
n f,GHz | Qog-107* KFEH KFEJ_ n f,GHz | Qom -10~* KfIEH K{%L
18 | 33.63221 5.46 0.8752 | 0.0994 | 18 | 35.37845 3.45 0.0317 | 0.9302
tgd) = 1.75 - 1075 tgd, =3.06-107°

Experiments with isotropic DR show the same quality factor at close resonant frequencies for
both polarization. Measurement results of tgd), tgd, for Al;O3 at X- and K-bands and SiO; at
K-band in temperature range 293-363 K are given in paper.
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The Sensor for Local Dielectric Measurements on Non-flat Surfaces

Boris A. Vtorushin, Victor N. Egorov, and Elena Yu. Tokareva
East-Siberian branch of FSUE “VNIIFTRI”, Russia

Abstract— The problem of homogeneity of dielectric properties in radio-transparent shields
is need of sensor for local microwave dielectric measurements. Local measurements make it
possible to solve a number of problems that sometimes do not require the measurement locality
as such but that cannot be solved via conventional methods, e.g., a problem of measuring the
dielectric parameters of ready articles of intricate shapes with curvilinear surfaces. In this case,
the measurement locality must be such that, within the limits of the tested region, it would
be possible to disregard the surface curvature at or introduce simple corrections on the basis of
known radii of curvature at the measurement point. A frequent additional requirement is one-way
access to an object and promptness of measurements.

The use of a hollow coaxial resonator with an open end allows a high measurement locality to be
attained [1]. A theory of a sensor of dielectric parameters based on an open-end coaxial line is
considered in [2]. An insignificant value of the relative changes in the resonance frequency imposes
high requirements upon the thermal stability of the coaxial resonator’s resonance frequency.

The highest measurement locality with high thermal stability can be achieved in quarter-wavelegth
coaxial dielectric resonators (CDR) made from thermally stable high-Q ceramics. The nonmetal-
lized end surface of such a CDR is sensitive to the dielectric parameters of the sample that is in
contact WithQ(OI‘ close to) this surface. In this case, the relative shift of resonance frequency may
be (1-3)-1072.

The sensor for testing the homogeneity of the permittivity of radio-transparent shells at one-
way access to the measured object has been developed on the basis of a CDR. This device is
based on two generators in the form of transistor amplifier, the positive feedback loop of which
includes a quarter-wavelength CDR specifying the oscillation frequency. One generator is the
measurement channel and other is the reference channel. The sensitive surface of measurement
CDR is open for access and reference CDR is shielded from external influence. The output signals
of reference and measurement generators are fed to a mixer, at which an intermediate-frequency
(IF) signal is obtained. If the measurement sample is absent, the oscillation frequency of the
measurement generator is lower than the frequency of reference generator about IF Fj ~ 3 MHz
in order to preclude their mutual synchronization and passage of the IF signal through zero during
measurements. The area of sensitive CDR’s end surface with their permittivity 20 is 4 x 4.5 mm.
The device operating frequency is about 1.5 GHz. After the IF signal is amplified, its frequency
F, is measured. The experimental dependence of measured value ¢ from relative frequency shift
x = (F. — Fy)/Fy was approximated as

€:1+a1x+a2x2+a3x3+...

The correction of measurement results for the curvature of studied sample surface has been
obtained via expansion of the dependence ¢ (R1, Ry) into a series in terms of small parameters
a/Ry, b/ Ry, where Ry o are the radii of surface curvature in measured region along walls a and
b of a rectangular CDR.
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Investigation on Wideband Filters Using Parallel Coupled
Microstrip Resonators

Shinya Kohma', Toshiaki Kitamura', Yasushi Horii?, and Toshitaka Kojima’

!Graduate School, Kansai University, 3-3-35, Yamate-cho, Suita-shi, Osaka 564-8086, Japan
2Graduate School, Kansai University, 2-1-1, Ryozenji-cho, Takatsuki-shi, Osaka 569-1095, Japan

Abstract— Since the Federal Communications Committee (FCC) authorized the unlicensed use
of UWB frequency spectrum for short range and high speed wireless communication, wideband
devices have been attracting much attentions. Recently, various kinds of wideband filters have
been proposed. In these filters, attenuation poles play an important role in order to achieve sharp
wide passband characteristics.

In this study, wideband filters using parallel coupled resonators are proposed. The resonators
are composed of microstrip lines on which both ends are terminated. Using admittance param-
eters, we evaluate the scattering parameters of the proposed filters. We also investigate the
characteristics through numerical simulations by means of the FD-TD method.
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24 GHz Power Amplifier Design in 0.13 ym CMOS Technology

Se-Hwan Choi, Jin-Sup Kim, Kyu-Bok Lee, and Kyu-Ho Park
Korea Electronics Technology Institute, Republic of Korea

Abstract— Automotive collision warning systems have been developing in the license-free
24 GHz industrial, scientific and medical (ISM) band. Recently, FCC released the 22 GHz~29 GHz
ultra wideband (UWB) for vehicular radar applications. Many research about 24 GHz compo-
nents and modules progresses steadily. Most papers use GaAs HEMT and SiGe BiCMOS. How-
ever, one of the problems of these processes is the high cost. Thus, low cost CMOS has become an
alternative process in the millimeter-wave band. Specially, a CMOS power amplifier at 24 GHz
is the most challenging part to be implemented because CMOS technology has the character-
istics of low power gain and lossy on-chip passive elements inherently. In this paper, 24 GHz
power amplifier in 0.13 um CMOS technology is proposed. By using the three stage cascade
structure, the power amplifier has a maximum output power of 6.8 dBm and the output P1dB
of 3.24dBm. The supply voltage is 1.2V and the current source is used for gate bias instead of
voltage reference. The dissipated current is 90 mA totally. The proposed PA has the maximum
power added efficiency (PAE) of 2.8% but this is owing to wire-bonding effect for connecting
with package. The performance of PA will be improved by using on-chip proving test or flip chip
bonding afterward.

PT1
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Figure 1: Layout of 24 GHz CMOS power amplifier.
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Figure 2: Die photograph of 24 GHz CMOS power amplifier.
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Design of K-band CMOS VCO

Jin-Sup Kim, Se-Hwan Choi, and Kyu-Ho Park
Wireless Communication Research Center, Korea Electronics Technology Institute, R. O. Korea

Abstract— In this paper, a K-band voltage controlled oscillators (VCOs) is presented in a
0.13 um CMOS technology. The simulated output power and the phase noise are —5dBm and
—110dBc¢/Hz at 1 MHz offset from the carrier. The frequency tuning range is up to 550 MHz of
the proposed VCO with FM modulation. The designed VCO consumes a dc power of 12mW
from a 1.2-V supply voltage.
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Figure 1: Schematic of K-band VCO.
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Analytical Calculation for DC Inductances of Octagonal and

Circular RFIC Spiral Inductors
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!'Department of Electronic Engineering, Huafan University, Taipei, Taiwan, R.O.C.
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3Department of Communication Engineering, National Chiao Tung University
Hsinchu, Taiwan, R.O.C.

Abstract— With the rapid growth of the demand for low-power, low-cost, and high-integration
wireless communication systems, development of on-chip passive devices for radio frequency in-
tegrated circuits (RFICs) has emerged as a critical issue recently. Among the passive circuits,
on-chip spiral inductors are particularly essential and widely used in various RFICs such as mix-
ers, amplifiers, and oscillators. To facilitate the analysis and design of RFICs, much research
has been devoted to the investigation of RFIC spiral inductors. One attractive subject of these
works is evaluating the DC (or low-frequency) inductance values from the layout parameters of
spiral metal coil (line width, line spacing, inner or outer diameter, and number of turns). Several
closed-form expressions such as Wheeler formula and Thomas formula have been established for
the inductance calculation. These empirical expressions are practical but may be accurate to
only limited inductor designs. On the other hand, [1] proposed an analytical formulation based
the partial element equivalent circuit (PEEC) technique to carry out the inductance calcula-
tion. In this approach, the six-fold partial self and mutual inductance integrals resulted from
the PEEC procedure are analytically evaluated by several concise formulas. The theoretically
exact solutions can be therefore efficiently obtained. Nevertheless, as the formulas for calculating
the six-fold integrals are limited to deal with the self inductance and the mutual one between
two parallel metal strips, only the rectangular spirals were considered in [1]. In this work, the
technique proposed in [1] is extended to investigate octagonal and circular spiral inductors (which
are much more preferred than rectangular spirals in modern RFIC designs). In the calculation,
the metal coil of an octagonal or circular spiral is first segmented into pieces of straight segment.
By suitable segmentation, the octagonal and circular coil pattern can be approximated to be a
combination of several straight metal sections, which are either parallel or perpendicular. The
self inductances of each single section as well as the mutual ones among the parallel sections are
then analytically evaluated by the integrating formulas presented in [1]. (Note that the mutual
inductances between any two perpendicular sections are zero, thus there is no need to consider
them in the calculation.) Finally, by summing up all of the calculated partial self and mutual
inductances, one can then obtain the total inductance of the investigated inductor very efficiently.
Various CMOS 0.18 um and 0.13 pm octagonal and circular spiral inductors are tested to reveal
the applicability of this efficient inductance calculation. The results and the detailed formulation
will be presented and discussed in the symposium.
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Behavior Study of Simultaneously Defected Microstrip and Ground
Structure (DMGS) in Planar Circuits

M. Kazerooni, G. Rezai Rad, and A. Cheldavi
College of Electrical Engineering, Iran University of Science and Technology (IUST)
Narmak, Tehran, Iran

Abstract— In this paper several simultaneously defected microstrip and ground structures
(DMGS) are proposed in order to study the behavior of these novel circuits by displacement of
the defected patterns in circuit or ground planes. Investigation shows that the cascaded defects
in one or two planes, makes to degrade the frequency response particularly in the high frequency,
but by using the DMGS circuit enhances the stopband for wide range of frequency. Also the
circuit parameters that related to the physical circuit configurations are extracted. The proposed
DMGS circuit has larger effective inductance with respect to conventional DGS or DMS. These
circuits have been analyzed and the performance of these circuits has been compared.
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Design of 3.1 to 10.6 GHz Ultra-wideband Low Noise Amplifier with

S11 (dB)

Figure 1: Simulation and measurement results of the
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Current Reuse Techniques and Low Power Consumption

RF/MW Circuits Design Laboratory, Department of Communication Engineering
Feng-Chia University, 100, Wen-Hua Rd., Taichung 407, Taiwan, R.O.C.

Abstract— This paper presents a 3.1 to 10.6 GHz ultra-wideband (UWB) low noise amplifier
(LNA) using a current-reused technique and wideband input matching network is proposed. The
implemented LNA presents a maximum power gain of 12.8 dB, and a good input matching in the
required band. An excellent noise figure (NF) of 2.97 to 6.04 dB was obtained in the frequency
range of 3.1 to 10.6 GHz with a power dissipation of 10.13 mW under a 1.8-V DC power supply.
The finished chip size is 1.26 x 1.05mm?. The proposed UWB LNA is implemented by TSMC
0.18 um CMOS technology.

A 3.1 to 10.6 GHz ultra-wideband (UWB) low noise amplifier (LNA) with a current-reused tech-
nique is fabricated in a TSMC 0.18 pm standard CMOS process. The LNA uses a current-reused
technology to increase gain and save power consumption. The measurements are performed using
on-wafer test. The LNA measurement at 3.1 to 10.6 GHz exhibits the minimum noise figure of
2.97dB, maximum gain of 12.8 dB, input return loss is < —10dB at 3.1 to 10.6 GHz and output
return loss is < —9.3dB at 3.1 to 10.6 GHz with a power consumption of 10.13mW at Vpp is
1.8V.
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The Design of Low Noise Amplifier with Gain-controlled and Low
Power Consumption for WLAN Applications

Pou-Tou Sun, Shry-Sann Liao, Hung-Liang Lin, Chung-Fong Yang, and Tzu-Wei Yang

RF/MW Circuits Design Laboratory, Department of Communication Engineering
Feng-Chia University, 100, Wen-Hua Rd., Taichung 407, Taiwan, R.O.C.

Abstract— This paper presents a 5.2 GHz, 0.18 um CMOS Low-Noise Amplifier (LNA) with
gain controlled and low power consumption for an IEEE 802.11a WLAN application. The LNA
fabricated with TSMC 0.18 pum 1P6M standard CMOS process, the current-reuse technique is
used to increase the gain and reduce power consumption. The circuit performance is measured

by using on-wafer test.

The LNA exhibits a noise figure 2.94dB at 5.2 GHz, the maximum

power gain of 13.6dB, the gain control range is 5dB, and the power consumption of 4.2mW at
Vpp = 1.8 V. The finished chip size is 1.0 mm x 0.9 mm.
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