






























































































































































































































































































































































































































































































































































































































































































































































































































































Exact Absorbing Boundary Condition for 2D FDTD
Simulations Based on the Multilevel Plane-Wave
Time-Domain Algorithm

Jianguo Wang*, Balasubramaniam Shanker, Mingyu Lu, and Eric Michielssen

Center for Computational Electromagnetics
Department of Electrical & Computer Engineering
University of Illinois at Urbana-Champaign
1406 W. Green St., Urbana, IL 61801-2991

Email: jwang@extreme.ece.uiuc.edu

Since the introduction of the Yee algorithm (K. S. Yee, IEEE Trans. Antennas
Propagat., 14, 302-307,1966), the finite-difference time-domain (FDTD) method has
been used extensively to model a wide variety of electromagnetic phenomena. In the
past, a variety of differential equation based, local absorbing boundary conditions
have been developed for truncating the FDTD computational domain. However,
surface integral representations of the scattered fields may also be used for this pur-
pose {Moerloose and Zutter, IEEE Trans. Antennas Propagat., 41, 890-896,1993),
and offer notable advantages over their differential equation counterparts. First,
they are nonlocal and exact. Secondly, they permit convex truncation boundaries
and can be imposed arbitrarily close to the scatterer, resulting in smaller FDTD
computational domains. Thirdly, for problems involving multiple inhomogeneous
scatterers, the FDTD method can be used to separately model each inhomogene-
ity and the interactions between subregions can be accounted for using the inte-
gral representation. Unfortunately, the application of integral representation based
boundary conditions involves significant computational expenses. For 2D problems,
the computational cost associated with their application scales as O(N2N7?), where
N; denotes the number of spatial samples on the integral surface, and N; the to-
tal number of time steps. This high computational cost prohibits the application of
integral representation-based boundary conditions to large-scale FDTD simulations.

To reduce the computational cost associated with these methods, we propose
a new scheme that relies on the multilevel 2D plane-wave time-domain (PWTD)
algorithm to accelerate the surface integration. In this method, fields due to surface
sources are represented in terms of discrete Hilbert transformed plane wave expan-
sions. A fast multiresolution scheme for evaluating the Hilbert transform results in
an efficient representation of the infinite temporal tail of the 2D Green’s function.
The plane wave representation of the fields in turn gives rise to computational sav-
ings similar to those achieved by the fast multipole method in frequency domain sim-
ulations. This multilevel, 2D PWTD based, exact FDTD boundary condition carries
a far smaller computational overhead than classical integral representation bound-
ary conditions. Its computational complexity only scales as O[ N log(Ns) N;ilog(N)],
and hence this method renders feasible the fast FDTD based analysis of 2D transient
scattering from large and complex objects.
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9:30  An under-relaxation IPO method for large open cavity scattering, D. Ge*, Y. Yan, X. 274

Nie, Xidian University, China
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BISTATIC SCATTERING MEASUREMENT USING A
NEAR-FIELD SCANNING SYSTEM

Daniel Zahn and Kamal Sarabandi

Radiation Laboratory, Department of Electrical Engineering and Computer Science
University of Michigan, Ann Arbor, M] 48109-2122
E-mail: danzahn@umich.edu saraband@eecs.umich.edu

Abstract

Within the past two decades, much interest has been raised about the idea of near-field
scans of antennas for antenna pattern measurements { Spec. Issue on Near-Field Scanning
Techniques, [EEE Trans. Ant. and Prop., vol. 36, no. 6, June 1988.) Planar, cylindrical,
and spherical near-field scans have been attempted and results are in good agreement with
far-field measurements. Near-field antenna pattern measurements are usually used when the
electrical size of the antenna is large and/or when the entire radiation pattern is needed. Other
advantages include the ease of measurements using indoor facilities and the small physical area
that a near-field system would require compared to a far-field antenna range. Another possible
application of a near-field scanning system would be measuring bistatic scattering patterns of
point and distributed targets such as random rough surfaces. Such a system would take much
less measurement time compared to traditional systems since after the near-field is measured
the entire bistatic scattering pattern for the angle of incidence can be computed at once.
As mentioned earlier a near-field bistatic system does not require the space needed by the
traditional bistatic measurement systems as the far-field condition need not be satisfied. It
also eliminates the need for maintaining equal distance between the target and the scanning
antenna required by the traditional method. For these reasons, the application of a near-field
scanning system for the measurement of bistatic scattering matrix of point and distributed
targets is studied.

One drawback of the near-field system is that even .though an antenna pattern may be
measured, the gain of the antenna is unknown. Similarly for a target illuminated by a source
antenna, a reference level must be established for accurate measurement of the bistatic radar
cross section. A target with a known RCS may be used to establish the reference levels
for making near-field bistatic measurements. We investigate the idea of using a perfectly
conducting sphere as a calibration target.

A near-field bistatic measurement system offers high accuracy, decreased measurement time,
and compact size compared to the traditional bistatic scattering measurement systems. A
scanning procedure is used to minimize the effect of probe shadowing. Preliminary results
show good agreement between the theoretical and measured bistatic scattering pattern of a
metallic sphere.
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RCS OF A DIHEDRAL CORNER REFLECTOR IN THE PRESENCE
OF MECHANICAL DEFORMATIONS IN THE STRUCTURE

P. Corona (1), C. Gennarelli (2), G. Pelosi (3), G. Riccio (2), G. Toso* (3)

(1) Istituto Universitario Navale, Via Acton 38, 1-80133 Napoli, Italy
(2) Universita di Salerno, Via Ponte Don Melillo, 1-84084 Fisciano (Salerno), Italy
(3) Universita di Firenze, Via C. Lombroso 6/17, I-50134 Firenze, Italy

Electromagnetic scattering from a perfectly conducting dihedral corner reflector is
analyzed in this communication. The configuration of interest is characterized by a
face with a deformed profile, locally exhibiting a large radius of curvature with
respect to the incident wavelength. Deviations from the average plane are
everywhere small. Indeed, mechanical deformations can be presented at the surface
of a corner reflector working in realistic operative conditions.

A Physical Optics (PO) approximation is applied to evaluate the Radar Cross
Section (RCS) of the dihedral corner reflector. The PO currents on the two plates
(perfectly flat and deformed) are calculated by accounting for both the field directly
incident on each plate and the field impinging on each plate after reflecting by the
complementary plate, as predicted by geometrical optics. In particular, the PO field
contribution generated by the deformed face is evaluated by adopting an extension of
the procedure proposed in (A.J. Kong, Electromagnetic Wave Theory, Wiley,
1986, 528-533) to describe the scattering from rough surfaces.

To test the previous procedure the effects of interactions are also taken into
account through a “second-order” PO approach. This latter starts from considering
the PO currents due to direct illumination; the near-zone radiation of these currents
produces specific field distributions on the complementary plate. These latter
distributions are used to determine “second-order” PO currents on the plates.
Finally, radiation in free-space of the “second-order” PO currents provides an
additive correction to the standard PO scattered field. In this context, it is important
to note that the numerical evaluation of some PO surface integrals can be converted
in a line integration (G. Toso et al., Microwave Opt. Techn. Letters, 20, 1, 13-17,
1999). Consequently, a significant improvement of numerical efficiency is obtained.

Extensive numerical tests are presented both to compare the above computational
techniques and to evaluate the effects introduced by specific deformations with
respect to the corresponding perfectly smooth configuration (P. Corona et al.,
Electromagnetics, 13, 23-26, 1993).
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Dynamic Signature Simulation Using the Shooting and Bouncing Ray Technique
Rajan Bhalla*, Hao Ling and Jim Schmitz*

Department of Electrical and Computer Engineering
The University of Texas at Austin
Austin, TX 78712 U.S.A

*DEMACO Inc.
Dayton, OH U.S.A.

Abstract

Methodologies for simulating the radar signatures of moving ground targets using
the shooting and bouncing ray (SBR) technique are investigated. The motions of interest
include both target movement as a whole with respect to background and sub-component
motion such as those due to wheels and turrets. The brute-force method to predict the
multi-pulse radar signature is to simulate the target range profiles at N different dwell
time instances. To carry out the brute-force computation, we first generate N CAD
models of the target representing the states of the target and compute the range profiles
for all N models. Not only is the first step a tedious process, the second step requires a
computation time that is N times longer than that for a single range profile. Furthermore,
a completely new run must be carried out for a new set of motion parameters. Therefore,
two alternate approaches are investigated to more rapidly carry out dynamic signature
simulation.

The first approach is based on an extrapolation algorithm. It is an extension of the
signature extrapolation algorithm for target look that we have developed previously for
SBR (Bhalla and Ling, J. Electromag. Waves Applications, Feb. 1996). In this approach
we launch rays only once at the target. Given the ray history and the target motion, we
use the differential Doppler information for each ray to predict its contribution at N time
instances. The extrapolation algorithm requires only a single ray trace. However, a
completely new run must still be carried out for a new set of motion parameters.

The second approach is to use the extracted 3D scattering center set (Bhalla and
Ling, IEEE Trans. Antennas Propagat., Nov. 1996) from the target to predict the dynamic
signature. During the extraction process, each scattering center is tied back to the
component surfaces on the target that gave rise to that scattering center. It is then
possible to infer the motions onto the individual scattering centers associated with the
component. Using this approach, we can rapidly predict the target range profiles at the N
time instances. In addition, it is easy to carry out this procedure for arbitrary
target/component motions at little additional computation cost. Dynamic simulation
results for ground targets with various motion parameters using the different approaches
will be presented.
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A study on the Contribution of Engine Inlets to RCS
JW Odendaal’ and D Grygier™

*Centre for Electromagnetism
Dept. of Electrical and Electronic Engineering
University of Pretoria
Pretoria, 0002, South Africa

E-mail: Wimg_ie. Odendaal@eng.up.ac.za

“Kentron, a division of Denel (Pty) Ltd
PO Box 7412, Centurion, 0046
South Africa

One of the major contributions to the overall Radar Cross Section (RCS) of
airframe structures is the backscatter from engine inlets. A number of authors
have numerically investigated the electromagnetic scattering from open-ended
waveguide cavity structures approximating engine inlets. Measured data
presented mostly consists of canonical scatterers approximating the contribution
from an engine inlet.

In this paper measured RCS results obtained in an indoor static measurement
facility are presented for various engine inlet configurations. The study serves
to characterize the internal scattering from the engine inlet. A full scale engine
inlet including the first stage compressor face from a remotely piloted vehicle
was mounted inside an ogive structure to reduce external scattering from the
inlet. The data were measured from 2 to18 GHz using a vertical and horizontal
linear polarized incident field. As only the contribution from the internal
scattering was of interest, time-domain gating was used to extract the internal
scattering from the overall backscattered field. This was done by performing
an inverse Fourier transform on the frequency domain data, transforming to the
time domain. Since the physical distance between scatterers results in scattering
distributed in time, it is possible to extract the response corresponding to the
internal contributions from the inlet. This filtered data is transformed back to
the frequency domain. The dominant contribution from the inlet rim is
eliminated and the result is only the contribution from the internal structure of
the engine inlet.

The configurations investigated consist of i) a conducting intake, bullet and first
stager compressor facee as a reference, ii) a lossy intake, conducting bullet and
compressor face, iii) a lossy intake, splitter plate, conducting bullet and
compressor face and iv) a lossy intake, RAM covered bullet and compressor
face.
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An Under-Relaxation IPO Method
for Large Open Cavity Scattering

D.B.Ge", Y.B.Yan, and X.C.Nie
Department of Physics, Xidian University, Xian 710071, P.R.China

For large open cavity scattering problems an iterative physical optics (IPO) approach
was firstly presented by F.Obelleiro et al [IEEE Trans. AP-43(4), 356-361, 1995]. In this
approach an iterative scheme is applied to solve the MFIE, in which the currents on the
cavity wall are expressed as the summation of a physical optics (PO) term caused by the
incident iltumination and a correction term. Instead of solving the integral equation, these
currents are computed iteratively starting with a PO current excited by the incident wave
through the aperture. In the @+I7)-th iteration, the correction current on a patch of the
wall is seen as the induced current generated by the illumination of the-th current on all
other patches of wall. After a succession of iterations, one obtains the current distribution,
providing the iterative process is convergent. The aperture fields and the far fields are
then computed by using the Greens function and the Huygens principle, respectively.
Although the IPO method has successfully treated some scattering problems for cavities
of simple configuration, its convergence can not be ensured. In fact, we observed the
instability of current distribution for anS-shaped cavity in iterative calculations for some
angles of incidence, that may be due to perturbations introduced by discretization and
truncation. To overcome this difficulty, we introduce in iterations a relaxation factor,
which is less than one, usually equal to 0.6-0.7 in our computation. It is observed that the
under-relaxation may help depress instability in iterations, and raise a stable solution. On
the contrary, the over relaxation, if applied here, causes even more serious instability. It is
worth noting that the shadowing effect between two separate patches from other parts of
cavity must be cautiously taken into account in the iteration sequence. To exemplify the
proposed scheme, a doubly bent cavity scattering is computed. We observe that the
normal IPO treatment results in an instability for current distribution after 3 or more
iterations, while the under-relaxation IPO reaches a stable solution after about 15
iterations, and the result is in good agreement with the one obtained by a hybrid approach
[H.Ling, IEEE Trans. AP-38(9), 1413-1420, 1990}.
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8:50 Integral equation solution for truncated slab structures by using a fringe current
formulation, E. Jorgensen, University of Denmark, Denmark, A. Toffacondi, S. Maci,
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9:10 Convergence and use of node equations in G2DMULT for MM analysis of 2D
structures, M. Lundmark, P. Kildal, Chalmers University of Technology, Sweden, Y.
Kimura, Tokyo Institute of Technology, Japan
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10:10 A compact moment method for determining the electromagnetic scattering of bodies
of revolution, S. Datthanasombat*, A. Prata, Jr., University of Southers California,
UsA

10:30 Penetration through slots on conducting body of revolution structures, K. Yegin, A.
Martin, Clemson University, USA

10:50 Electromagnetic scattering from material coated PEC objects: A hybrid volume and
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Penetration Through Slots on Conducting
Body of Revolution Structures

Korkut Yegin, Chalmers M. Butler, and Anthony Q. Martin
Department of Electrical and Computer Engineering
Clemson University, Clemson, SC, 29634-0915

Penetration through small apertures in conducting surfaces has been
studied for many years. The simplest way to solve this problem is to treat the
body as a scatterer and determine the interior field as the sum of the incident field
and the scattered field contributed by the current induced on the surface of the
body (scatterer method). However, it is well known that if the aperture is very
small, this method yields very inaccurate results. Alternate formulations of
integral equations have been proposed to remedy this problem and have been
applied to two-dimensional cylinders (J. D. Shumpert and C. M. Butler, IEEE
Trans. on Antennas and Propagation, vol. 46, pp. 1612-1621, Nov. 1998). These
alternate methods were termed the short-circuit current method and the equivalent
current method.

In the case of the body of revolution (BOR) structures, these methods
involve some additional difficulties due to coupled integral equations. In the
equivalent current method, one has to solve three coupled integral equations with
three vector unknowns, with each equation being as complicated as the single
equation of the scatterer method. This method also suffers from the so-called
interior resonance problem. This deficiency can be overcome at the expense of
even more complications by employing combined source or combined field
schemes. In the case of the short-circuit current method, one must handle the
radiating current source with great care since it is located very close to the
conducting body and is non-zero at the rim of the aperture.

Proposed remedies for the aforementioned difficulties associated with the
improved integral equation formulations of BOR structures will be discussed in
detail and accompanying numerical results will be presented. It will be
demonstrated that these techniques can also be used to compute the shielding
effectiveness of the BOR structures.
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Finite-aperture wire grid polarizers: FDTD and mode-matching analysis, M. Jensen,
Brigham Young University, USA

New type of nonlinear directional coupler for optical signal processing, B. Rawat*,
University of Nevada, USA, K. Yasumoto, Kyushu University, Japan, Y. Naciri, H. Li,
A. Sharaiha, J. Le Bihan, Laboratoire RESO-Ecole Nationale d’Ingénieurs de Brest,
France

A 10 GHz radar motion sensor using multilayers thick film technology, J. Floch, L.
Desclos, INSA/LCST, France, P. Morillon, SAGEM/STCE, France

Distortion of pulses in cascaded microstrip lines, S. Kusasani, C. Nguyen*, Texas
A&M University, USA

Surface wave analysis for periodic surfaces, P. Kelly, M. Piket-May, University of
Colorado at Boulder, USA, S. Hagness, University of Wisconsin-Madison, USA

Break

High speed packaging design and analysis, A. Byers, 1. Rumsey, B. Boots, P. Vichot,
T. Lammers, P. Kelly, M. Piket-May, University of Colorado at Boulder, USA, K.
Thomas, Silicon Graphics, USA, R. Gravrok, Sequent Computer Systems, USA
Accurate calculation of coupling coefficients and form birefringence for 13 linear
array single-mode fiber couplers based on the boundary integral analysis, S. Huang,
H. Chang*, National Taiwan University, Taiwan

Rigorous analysis of fiber-core effect for fused fiber-optic couplers, T. Wu. National
Sun Yat-sen University, Taiwan

Effects of uniaxial anisotropy of the dielectric resonators Q-factors, N. Aknin, A. El
Moussaoui, M. Essaaidi, Abdelmalek Esaadi University, Morocco

Diffraction elements of the MM-Wave planar integral optics, I. Minin, O. Minin,
Institute of Applied Physics Problems, Russia
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Finite-Aperture Wire Grid Polarizers:
FDTD and Mode-Matching Analysis

Michael A. Jensen
Department of Electrical and Computer Engineering
Brigham Young University
Provo, UT 84602

Wire grid polarizers have long been recognized as an effective option for
discriminating between orthogonal linear polarization states at infrared
wavelengths. Such polarizers can be fabricated by placing conducting wires:
within an aperture formed in a larger opaque screen. New fabrication
technologies coupled with applications requiring small-aperture polarizers and
arrays of micropolarizers have motivated the development of devices with
electrically small apertures. In such cases, accurate characterization of the device
behavior must be accomplished using rigorous methods that can accurately model
the field behavior around the geometry.

The goal of this paper is to document the study of finite-aperture wire grid
polarizers using two distinct approaches — a two-dimensional spectral domain
mode-matching technique, and a three-dimensional Finite-Difference Time-
Domain (FDTD) methodology. The discussion emphasizes the influence of the
aperture on the polarizer transmissivity and extinction ratio (ER). The mode-
matching approach is formulated by expressing the fields between the perfectly
conducting polarizer wires in terms of parallel-plate waveguide modes. The fields
reflected and transmitted by the structure are then written using a spectral
representation.  Proper application of boundary conditions produces a matrix
equation which can be solved to provide a complete description of the fields at
any given observation point. The FDTD simulations use an 8-cell perfectly
matched layer (PML) absorbing boundary condition with a quadratically tapered
conductivity profile and a surface reflectibn coefficient of 10°.  The
scattered/total field surface approach is used to introduce the incident plane wave
into the domain. For this study, the conventional Yee algorithm is augmented to
incorporate realistic wire material models that allow for negative permittivity
values at the illumination frequency.

The presentation will summarize the analysis methodologies and will present
comparative studies aimed at highlighting the differences and similarities between
the results for the two techniques. Detailed investigations of the effect of the
aperture size in both dimensions will be emphasized. It will be shown that the
device performance is relatively insensitive to the aperture dimension
perpendicular to the wires provided that this dimension is larger than one
illumination wavelength. In contrast, however, the device characteristics appear
quite sensitive to the dimension parallel to the wires. Finally, the differences in
predicted device performance when using perfectly conducting versus realistic
wire models will be detailed.
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NEW TYPE OF NONLINEAR DIRECTIONAL COUPLER FOR
OPTICAL SIGNAL PROCESSING

Banmali S. Rawat*
Department of Electrical Engineering Department/260
University of Nevada, Reno, NV 89557-0153, USA
Tel: 702-784-6927; Fax: 702-784-6627; E-mail: rawat@ee unr.edu

K. Yasumoto
Department of Computer Science and Communication Engineering
Kyushu University, Fukuoka 812, JAPAN

Y. Naciri, H.W. Li, A. Sharajha and J. Le Bihan
Laboratoire RESO- Ecole Nationale dIngénieurs de Brest
Technopble Brest-Iroise- CP 15,

29608 Brest Cedex, FRANCE

ABSTRACT

The nonlinear directional couplers (NLDC) are becoming increasingly important
in optical signal processing integrated circuits as a switch or modulator. It
consists of parallel dielectric waveguides with Kemr-like nonlinear material
surrounded by a linear medium. - The power coupling between the guides is
dependent on the incoming power, separation between the guides and coupling
length, In these couplers the switching action or modulation depends on the

incoming power. In the present work a new type of coupler has been proposed

where the surrounding medium is semiconductor material and the power coupling
is controlled by a laser beam. The basic concept used is that when a
semiconductor is illuminated with a laser beam having photon energy greater than
the semiconductor band-gap energy, the electron-hole pair or plasma formation
takes place near the surface of the semiconductor. This plasma formation changes
the complex permittivity of the semiconductor, thus changing the power coupling
between the guides (C.H. Lee, P.S. Mak and A.P. DeFonzo, IEEE Jr Quantum

Electron, 3, 277-288, 1980). This technique provides a new parameter to control

switching, modulation or coupling in a NLDC. The main focus of this paper is to
incorporate the effects of this new phenomenon and to analyze this new type of
coupler using coupled-mode theory (K.Yasumoto, N. Mackawa and H. Maeda,

IEICE Trans. Electron., E 77 - C, 1771-1775, 1994). In this analysis a singular
perturbation technique is used to obtain the coupled-mode equations of a planar
NLDC structure. The original wave equations for NLDC are decomposed into

equivalent coupled nonlinear wave equations for individual waveguide and the
first wave equations are solved as per the boundary conditions on the composite
waveguide. The effect on the critical power due to plasma density, laser beam
signal frequency, laser beam power and laser spot position in the coupling region
have been analyzed. With the help of these additional parameters, the improved
performance of a NLDC can be achieved.
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A 10 GHz radar motion sensor using Multilayers Thick Film
Technology

Jean-Marie Floc'h*, Laurent Desclos*, P. Morillon**
*INSA / LCST, UPRES-A 6075 du CNRS " Structures Rayonnantes"
20 avenue des Buttes de Coémes 35043 Rennes
** SAGEM / STCE, Lannion, France

Abstract

Doppler motion radar are used as detectors for objects or human presence. The market for
this kind of circuits could be qualified as medium size. In this sense, the technology used
should be adequate to provide an efficient trade of between quality and cost.

We propose here to demonstrate that a X band Doppler radar using multilayer thick-film
technology is a well competitive candidate. A review of the process steps and choice of
pasting material will be given to well understand how the possible trade off is made.

The choice of the substrate purity is of main importance and choosing a 96 percent alumina
purity instead of 99 percent one could cut the cost by a fourth without lowering the
performances. The metallization is applied to the substrate by screen printing techniques
with fold silver paste. The resistors are made in the same way by dielectric layer with a
surface resistance of 10 ohms. It is shown using a T resonant technique that this technology
could be used up to 15 GHz. The losses of the realized lines are 0.12 dB/cm at 8 GHz and
0.24 dB/cm at 16 GHz. The lines however due to the "pasting technigue” show some
roughness and non uniformity which are affecting the frequency response capability. The
steps of the processing will be recalled and the way of characterizing will be given. Finally,
the demonstrator chosen for this technology will be as said a doppler motion radar
consisting with power dividers, antenna arrays and dielectric resonator oscillator (Fig. 1). In
all the realization, the narrowest line width is 100 pm. For the Wilkinson power divider the
return loss for each port is better than 12 dB and the isolation is better than 27 dB. The
DRO generates 15 dBm at 10 GHz and the second harmonic is at ~27 dBc and efficiency is
about 10 percent. The dual antenna is realized with electromagnetically coupled to feed line
dipoles. The antenna offers a 20 dB return loss with 300 deg. Beam width in H plane and
25 dB rejection of sidelobes. Careful attention has to be taken in this case on the main
parameters such as crucial distances between dipoles or lengths due to the heating process
which could deform the pattern.

Finally it is shown that all the performances could be respected with a cost 2 to 3 times less

than in thin film techniques. The radar has been successfully used to detect people in a
range of 0 to 10 m, using a simple coaxial diode detection.

divider transmit antenna

divider

. v receive antenna
72 vz

detector

figure 1 : Radar prototype with two antennas
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DISTORTION OF PULSES IN CASCADED
MICROSTRIP LINES

Subba R. Kunasani and Cam Nguyen*

Department of Electrical Engineering
Texas A&M University
College Station, Texas 77843-3128
E-mail: cam@ee.tamu.edu

ABSTRACT

As clock rates for digital logic integrated circuits (ICs) move towards the GHz
realm, it is crucial to model accurately the transient behavior of pulses
propagating in planar transmission lines employed in these circuits. The transient
information is also important for the design of microwave and millimeter-wave
integrated circuits (MICs) under pulse operation. As a pulse propagates along a
transmisison line it gets distorted, primarily due to the loss and dispersion of the
transmission line. Several reports have been published on the distortion of
transmission lines (e.g., R. L. Veghte and C. A. Balanis, IEEE Trans. Microwave
Theory Tech., 34, 1427-1436, 1986). In these works, however, only a single
transmisison line was addressed.

In this paper, we report an investigation of the distortion of pulses propagating
along cascaded multi-layermicrostrip lines. The study of signal distortion in this
kind of structures is important because it resembles those used in practical high-
speed digital ICs as well as inMICs.

We consider cascaded multilayer microstrip lines of different widths and lengths.
We conceive this structure as a system or a network and characterize it by a
propagation-constant function y and a characteristic-impedance function Z,.

These functions depend upon the propagation constants, lengths, and
characteristic impedances of the constituent microstrip lines. We represent this
considered composite network by an ABCD matrix. By equating this matrix to
the product of the ABCD matrices of individual microstrip lines, we can
determine the propagation-constant and characteristic-impedance functions.
Using the propagation-constant function we can then evaluate the time-domain
representation of the distorted pulse at the output of the microstrip network, from
which the pulses distortion through the entire network can thus be determined.

Calculated results using both dc and Gaussian pulses will be presented.
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Surface Wave Analysis for Periodic Surfaces

P. K. Kelly and Melinda Piket-May
Electrical and Computer Engineering
University of Colorado at Boulder
Boulder, CO, 80309-0425
(303) 533-7489, Pkelly@ball.com

Susan C. Hagness,
Department of Electrical and Computer Engineering
University of Wisconsin-Madison
1415 Engineering Drive, Madison, W1 537061691 USA
Phone: 608-265-5739, Fax: 608-262-1267
hagness@engr.wisc.edu

There exist a number of electromagnetic problems where guided surface waves

can affect the performance of guiding, radiating, or scattering devices. Microstrip

patch antennas are known to suffer reduced efficiency from surface wave

excitation, especially for thick, high dielectric, homogeneous substrates. Increased
substrate thickness is very desirable to obtain wider bandwidth performance to

support higher capacity in communication applications. Another structure

suffering performance degradation is printed antenna arrays on substrates. The

array can suffer an E-plane scan blindness when the spacing between elements
allows a grating lobe and the substrate supports a forced surface wave mode. One

reason for widely spaced radiators is to reduce the number of active modules in a

conventional phased array antenna while still allowing significant beam scanning.
This can be implemented if the blindness can be mitigated since, for limited
scanning, the grating lobe in the visible space can be reduced through weighting
by the element pattern of the radiator.

These two classes of antenna structures have been examined in the presence of
perforated substrates/superstrates (P.K. Kelly, et.al., "Microstrip Patch Antenna
Performance on a Photonic Bandgap Substrate", Proc. of USNC/URSI, p. 5, June
1998 and P.K. Kelly, et. al., "Investigation of Scan Blindness Mitigation using
Photonic Bandgap Structure in Phased Arrays"”, Proc. of SPIE, vol. 3464, pp. 239-
248, July 1998) with some improvement shown. These substrates have been
designed using Photonic Bandgap theory based on 2D infinite periodic structures
with infinite height. Little is known about how finite height structures of finite or
infinite extent affect surface wave propagation. The method foranlysis for finite
height peiodic_ substrates will be presented along with results. The goal is to
characterize the w-k diagram versus substrate height for this class of structures.
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High Speed Packaging Design and Analysis
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This paper presents an overview of packaging research using the Finite-Difference Time-Domain
(FDTD) technique to study packaging effects. This paper covers a broad range of topics coupled
by the common theme of improving current state of the art packaging and interconnect design
through numerical simulation and analysis. This paper will discuss FDTD applications to a
variety of packaging and interconnect design issues. A discussion of modeling combining FDTD
with SPICE will be done. Finally this paper will discuss novel new methods that need to be
developed for leading edge packaging modeling.

Packaging and interconnects not only impact the functional characteristics (the ability and speed

with which a given input signal may be modified to some desired and appropriate output signal) of
a product, but also how the product performs in any number of applications. All circuits,
theoretically, may be examined from the standpoint of Maxwell's equations, and are thus a subset
of problems to which these equations apply. At the low frequencies typical of past circuits, a
certain intuition could be developed about how to design a board layout, about what effects a
given dielectric would have on performance, and about how significant cross-talk, propagation
delay, and coupling would be for 2 certain design through basic circuit analysis. However, at
higher frequencies, these issues are far Jess obvious. This is because the electrical path lengths at
lower frequencies are small and thus the electrical characteristics are relatively constant; at higher

frequencies, path lengths become electrically significant and begin to act as transmission lines and

sometimes even as radiators. The simple circuit models are no longer accurate for many cases.

At the level of a chip, or a device comprised of several chips with interconnects, the
electromagnetic environment is very complex and not necessarily well understood theoretically,
numerically, or experimentally. Coupling between vias can distort signals, mismatches between
vias and signal lines can lead to ground-bounce, holes in ground planes may result in increased
coupling effects between board layers, and metal traces with or without bends are likely to have
reactive impedance components, components that can significantly degrade system performance at
higher clock speeds.

Specific examples of the capabilities of numerical analysis that are currently being pursued in the
defense, academic and commercizl sectors will be discussed. Existing efforts in design and
analysis (performance and EMC) of advanced packaged modules, low cost electronic packaging,
antennas, and MCMs will be shown.
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ACCURATE CALCULATION OF COUPLING COEFFICIENTS AND
FORM BIREFRINGENCE FOR 13 LINEAR ARRAY
SINGLE-MODE FIBER COUPLERS BASED ON
THE BOUNDARY INTEGRAL ANALYSIS

Sea-nean Huang and Hung-chun Chang

Graduate Institute of Communication Engineering, National Taiwan University
Taipei, Taiwan 106-17, Republic of China

*also with the Department of Elecirical Engineering and the Graduate Institute
of Electro-Optical Engineering, National Taiwan University

Fiber-optic couplers of the fused biconical type and composed of two fibers,
called the 22 fused couplers, have been well studied and are widely used in
fiber systems. Due to the deviation of the coupler’ cross-sectional geometry
from circular symmetry, the coupling characteristics between x and y
polarization states, where the coupling coefficient is defined as half the
difference between the even and odd supermode propagation constants and x
and y are the coordinates in the cross-sectional plane, show difference which is
usually called the form birefringence. However, the form birefringence is
small, and accurate determination of such small quantity requires careful
numerical calculation. We have reported such accurate calculation of the small
form birefringence for fused couplers composed of two identical fibers based
on a full-wave rigorous vectorial electromagnetic analysis (S. W. Yang and H.
C. Chang, J. Lightwave Technol., 16, 691-696, 1998). In this paper we extend
our full-wave study to the case of 13 linear array single-mode fiber couplers.
Niu et al. (Electron. Lett., 28, pp. 2330-2332, 1992) have shown that such
linear array coupler could act as single-wavelength or two-wavelength three-
way equal splitter, as well as 3-dB broadband coupler. However, they did not
discuss the polarization effect of those devices. Here we provide accurate
calculations of the polarization dependent coupling and discuss the form
birefringence for the collinearly arrayed three-fiber structure.

One feature of the fused coupler is that in the neck region of the coupler the
light is guided by the boundary between the (reduced) fiber cladding and the
external medium which is air in our case, so that the fused structure becomes a
strongly guiding compositive waveguide. The boundary integral method is
again employed, which is a suitable technique for solving the modes on the
coupler since the reduced fiber cladding, which is now the waveguiding region
of the coupler, is essentially a homogeneous medium. Vectorial modes are
calculated and polarization-dependent coupling coefficients and the
corresponding form birefringence are determined accurately. We have found
that the coupler performance depends critically on the detailed shape of the
cross-section. Such dependences on the degree of fusion and the normalized
frequency have been studied thoroughly, which are found to be quite similar to
those in the 22 coupler case. Our results should be useful in designing
polarization sensitive or insensitive 13 fused couplers.
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Rigorous Analysis of Fiber-core Effect for Fused
Fiber-optic Couplers

Tzong-Lin Wu
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E-mail: wtl@mail.ee.nsysu.edu.tw

Summary

This paper presents the fiber-core effect on the mode filed patterns and coupling
characteristics of fused fiber-optic couplers based on a full-wave vectorial analysis. This work
is compared with previous results based on an approximated approach. It is found there are
great discrepancies between them.

The fused couplers are made by fusing and then tapering two identical fibers. The cross-
section of the fused coupler is dumbbell-shaped as shown in the figure. Since the transverse
dimension of the coupler in the tapering process is reduced and the cross-sectional area of the
cores become very small, the power in the cores is gradually guided between the fiber-cladding
and the swrounding air. Prior study shows that fiber-cores have significant effect on the
coupling coefficients, which is defined as the difference of the propagation constants between
even and odd modes, at high-normalized frequencies (K.S. Chiang, Opt. Lett., 12, 431-433,
1987). In his study, the dumbbell-shaped cross-section of the coupler with circular cores was
approximately modelled as a rectangular shape with square cores, and the effective index
method (EIM) was used to solve the propagation characteristics of the even and the odd modes
in two polarization states.

In this paper, based on a rigorous vectorial formulation which combines the finite element
method (FEM) and boundary element method (BEM), the vectorial field patterns and the
propagation characteristics of the coupling modes in two polarization states are solved. The
FEM is employed to treat the transverse magnetic fields (Hx and Hy) in the dumbbell-shaped
fiber-cladding and circular core regions, and the BEM is used to obtain the normal derivative
of Hx and Hy at the boundary between the cladding and the surrounding air. We find that the
fiber-cores have strong effect on mode field pattems for the coupling even and odd modes, but
the influence of the cores on the coupling characteristics is not so significant as previous work
predicted.

Air

Fiber-core

Fiber-cladding

Dumbbell-shaped cross-section of fused couplers
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Effects of Uniaxial anisotropy on the Dielectric Resonators
- Q-factor

N. Aknin, A. El Moussacui and M. Essaaidi
Electronics & Microwaves Group,
Department of Physics, Faculty of Sciences,
Abdelmalek Essaadi University, PO Box 2121,
Tetuan 93000, Morocco.
e-mail : aknin@hotmail.com

Dielectric resonator DRs are.very attractive microwave devices for several applications for
the microwave and the millimeter-wave bands, such as filters, oscillators and amplifiers. An
efficient design of such devices should be based on rigorous CAD technique that should
account for all the electric and magnetic phenomena a taking place within those structures.

In this communication uniaxial anisotropy effects, for which the dielectric resonator
permittivity is presented by diagonal tensor, are studied in depth.

To this end, the electromagnetic boundary problem, to which reduces the analysis of the
studied dielectric resonator Fig.1, has been rigorously formulated and numerically solved
using the mode matching technique. The fact that has allowed the computation of the resonant
frequencies of the different uniaxial anisotropic DR modes and also to have a deep insight on
their behavior as a function of the different anisotropy parameters. Moreover, the Q factors of
these resonators have been rigorously formulated by the perturbation method and numerical
results have been obtained for different cases illustrating the behavior of these structures
fundamental parameters as a function of the dielectric resonator anisotropy parameters. In
order to validate our numerical results and owing to the lack of bibliography data for
anisotropy DRs, isotropic DRs data have been considered. A very good agreement has been

obtained for these cases.
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Fig.1 Structure of uniaxial anisotropic DR placed Fig.2 TEq5 Q-factor (Qc) variation as function of €.
ina cylindrical conductor cavity. case a: a=Smm, ¢=7,8mm, k=h;=4mm, h;=5mm, £,=1.03.
case b: g=5mm, ¢=7,8mm, h;=h;=1.5mm, #,=10mm,e,=1.03.

286



Diffraction Elements of the MM-Wave Planar Integral Optics

L.V.MININ, O.V.MININ
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The results of the numerical and experimental investigationson the developments and studying
of the limits focusing and frequency properties of the short focus elements of the diffraction
integral quasioptics [I.V.Minin and O.V.Minin. Diffraction quasioptics. M.: NPO "Infom TEI",
1992, 180 p] in the mm-wave are presented in the present article.

The modelling of the appropriate elements was carried out both by numerical methods (by
calculation of the Fresnel - Kirchhoff integral without expansion of a phase function in aseries)
and experimentally - in the microwave region in which the magnitudes of the relative aperturand
the relative holes are presented. The main results of the investigations are the following:

1. The problem of the synthesis of the phase structure (and the binary mask) of the diffraction
focusing elements (DE) has no single solution. It is possible to correct both the focusing and
frequency properties of the synthesised element by selecting the solution type.

2. As an additional degree of freedom of the DE nonplanar profileof their surface is suggested.
The obtaining of the DE on the nonplanar surface permits: to increase the performance capabilities
of the integral optics of the considered
type (the field of view, the number of the
image elements in a frame, etc.); to guide
the longitudinal resolution and the
frequency properties of such elements (to
enhance or diminish them with respect to
the flat element); to destroy the
aberrations of the preset order by
reconstructing of the surface profile of the
DE; to synthesise the bifocal system; to
create the focusing systems of new types,
in particular, the DE with the "eliminated”
frequency properties in the preset spectral
band.

. All these possibilities are confirmed by
the results of the numerical [V.F.Minin, I.V.Minin and O.V.Minin. - Proc. of the Int. Symp. on
Intense Dynamic Loading and its Effects.- Chengdu, China, June 9-12, 431-433, 1992] and
experimental modelling.

3. The usage of the frequency properties of the integral optics DE makes it possible to create the
effective devices for analysing theradiation of the speciral compositions. The most suitable for
these purposes are the optical elements of the off-axis type with the off-axisposition of the
focusing region, the position of the focusing volumein space changes in the co-ordinates “the
distance - the angle".

The results of the detailed investigations of the shape evolution of the focusing region when the
synthesised elements work in the essentially experimental regimes are presented in the present
article as well. The potential fields of application of the developed systems, in particular, in the
mm-wave devices of the geometrical transformation of images, creation of the logic elements on
their basis for the optical computers using the polychromatic radiation are discussed here.
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Opening Remarks

Electromagnetic scattering from nonlinear bianisotropic cylinders, D. Schlueter*,
Motorola, USA, P. Uslenghi, University of Illinois at Chicago, USA

LC characteristics of a single wire loop inside an infinite slotted PEC shell, J. Young*,
C. Butler, Clemson University, USA

Radiating and nonradiating sources and the inverse source problem, E. Marengo*, R.
Ziolkowski, University of Arizona, USA

A peridicity-induced generalized Fourier transform pair, F. Capolino, Universit3 degli
Studi di Siena, Italy

Symmetry and scattering from wire loops, O. Mamuar, D. Jaggard, University of
Pennsylvania, USA

Break

Particulate media as radar reflectors, R. Bardo, E. Fischer, P. Sarman, A. Stoyanov, H.
Uberall, Naval Surface Warfare Center, UsA

Homogenization theory multiresolution and the reflection of an electromagnetic wave
from a complex laminate - a paradigm experiement, B. Steinberg, Tel Aviv
University, Israel

Radiation of a point source surrounded by plasma cylinder, T. Bichoutskaia, G.
Makarov¥*, St. Petersburg State University, Russia
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ELECTROMAGNETIC SCATTERING FROM
NONLINEAR BIANISOTROPIC CYLINDERS

David M. Schlueter*®
Personal Communications Sector, Motorola, Libertyville, IL 60048, USA

Piergiorgio L. E. Uslenghi
Department of Electrical Engineering and Computer Science
University of lilinois at Chicago, IL 60607-7053, USA

The scattering of a plane electromagnetic wave obliquely incident on an infinitely
long cylindrical shell made of a material which exhibits bianisotropic and nonlincar
properties is investigated, in the weakly nonlinear approximation. A gencral
expression is derived for the electric and magnetic tields inside and outside the
scattering medium, by applying a perturbation method to Maxwell's equations. The
electric and magnetic flux densities are expanded in terms of the clectric and
magnetic field components via a Volterra series. The case in which terms up to third
order are retained is investigated in detail. In principle, terms to any order could be
studied, but the calculations quickly become too cumbersome. The analysis
represents an extension of previous works on anisotropic nonlincar media by Hasan
and Uslenghi (JEEE Trans. Antennas Propagat., vol. 38, pp. 523-533, 1990;
Electromagnetics, vol. 11, pp.377-391, 1991) to the bianisotropic case.

The effects of the bianisotropic and nonlinear propertics on the longitudinal
components of the clectric and magnetic fields at the fundamental frequency are
investigated in detail for selected values of the constitutive parameters, both inside
and outside the scattering structure. The impact of bianisotropy and nonlinearity on
the radar cross section of the structure is also examined. The results obtained are
compared to those published in previous works on electromagnetic scattering from
linear and nonlinear anisotropic cylinders.
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LC CHARACTERISTICS OF A SINGLE WIRE LOOP INSIDE AN
INFINITE SLOTTED PEC SHELL

John C. Young*, Chalmers M. Butler
Department of Electrical and Computer Engineering
Clemson University
Clemson, SC 29634-0915

In the design of LC circuits for tuning broadband antennas, it is desirable to

reduce the size of the LC circuits as much as possible so that deployment in

antennas is feasible. These circuits typically consist of a coil inside a metal
cylindrical shell, often with an additional structural member which with the shell
forms a capacitor. The goal of the study reported here is to devise a means of

significantly reducing the physical size of the circuit without altering the values of
inductance and capacitance or increasing its weight. Of interest are the factors

which contribute to inductance and capacitance and which have a bearing on size

and weight.

In this study, we calculate the inductance and capacitance of a single wire loop

inside a slotted, cylindrical PEC shell. For the purpose of this investigation, we
assume a filamentary loop inside a perfectly conducting cylindrical tube of
infinite length. A finite length slot of very narrow width is cut along the axis of
the shell. The radius of the metal shell is taken to be much much smaller than a
wavelength. Under these assumptions, the shell acts as a waveguide well below
cutoff so the field created by the wire loop decays very rapidly as a function of
axial displacement in the tube. The inductance and capacitance results are
compared to those of a wire loop inside an infinite non-slotted PEC shell. These
results show that, as the slotted shell radius approaches that of the wire loop, the

inductance of the circuit is reduced but not as rapidly as inductance of a wire loop

inside a non-slotted shell. Also, the introduction of the slot in the shell has a
negligible affect on the capacitance. Hence, the slotted shell radius can be smaller

- without reducing the inductance severely. Furthermore, to achieve the desired

capacitance the shell length is shorter than it would have been otherwise. The
final conclusion is that by introducing a narrow slot in the shell, the size of the LC
circuit can be reduced. To validate the analytical results, measurements are
performed on a simple laboratory model.
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RADIATING AND NONRADIATING SOURCES
AND THE INVERSE SOURCE PROBLEM

Edwin A. Marengo® and Richard W. Ziolkowski
Department of Electrical and Computer Engineering
The University of Arizona, Tucson, AZ 85721
Tel.: (520)-621-6173
Fax: (520)-621-8076
E-mail: emarengo@ece.arizona.edu

In this talk we report new descriptions of radiating and nonradiating (NR)
current distributions in the frequency and time domains. The new results
in question are presented in connection with the problem of synthesising a
source (e.g., an antenna) that generates a prescribed time or frequency domain
radialion pattern.

We report, among other results, a new analysis of NR current distributions
based on time-dependent plane-wave and multipole expansions for electromag-
netic fields (E.A. Marengo and A.J. Devaney, J. Math. Phys., 39, 3643-3660,
1998). NR sources in the time domain are found to be analogous to the so-
called ghost objects of computerized tomography (A.I. Louis, SIAM J. Math.
Anal., 15, 621-633, 1984). Excitation schemes are discussed that create nulls
in the time domain radiation pattern. We also study the relationship between
NR sources and other wave objects, such as perfect radiators (sources that
lack NR component) and electromagnetic fields produced by sources external
to the NR source’s support. Perfect radiators and the fields they produce are
characterized as solutions of a homogeneous vector wave equation and a ho-
mogeneous iterated vector wave equation, respectively. A practical example
of a perfect radiator is given: It consists of a uniform volume distribution of
pulsed elementary radiators driven by the same time signature with a pro-
gressive time delay in the main radiation direction. Such a class of sources
has been the subject ol recent interest (E.A. Marengo, A.J. Devaney and E.
Heyman, IEEE Trans. Antenn. Propagat., 46, 243-250, 1998). They can be
built, in principle, by using optically-driven photoconducting antennas (D.W.
Liu et. al., JEEFE Phot. Tech. Lelt., 8, 815-817, 1996). The inverse source
problem is addressed by means of a new linear operator formalism. The time
domain version of the procedure is discussed in connection with ultrawideband

aperture and array antenna synthesis.
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A Periodicity-Induced Generalized Fourier
Transform Pair

Filippo Capolino

Dipartimento di Ingegneria dell'Informazione, Universita degli Studi di Siena,
via Roma 56, 53100 Siena, Italy.

ABSTRACT

Floquet waves (FWs) generated by one-dimensional phased periodicity along
a rectilinear coordinate z are parameterized by the dispersion relation k.,(w) =
WY, + &g, &g = 2rqfd, ¢ = 0,%1,%2, ..., where w is the radian frequency, ks,
is the z-domain wavenumber, -, is the interelement phase gradient, d is the in-
terelement spacing and ¢ is the FW index [L.B. Felsen and F. Capolino, "Time
Domain Green'’s Function for an Infinite Sequentially Excited Periodic Line Array of
Dipoles”, Techn. Report, AM-98-044, Dept. Aerosp. Mech. Eng., Boston University,
1998, Also, submitted to IEEE Trans. Ant. Prop.]. The dispersion relation for g # 0
differs from the nondispersive case ¢ = 0, i.e., k;o = w7z, only via the constant
term a,. Closed form relations between frequency domain (FD) and time domain
(TD) FWs can be established by conventional tabulated Fourier transforms (FT)
when ¢ = 0 [A. Erdéleyi, Table of integrals, pp.277, McGraw-Hill]. However, no
corresponding tabulations seem to exist for ¢ # 0. This has motivated the study
of a generalized FT pair for a class of functions that differs from those listed
in the tables by involving Hankel functions with an w dependence of the form

2 — k2, instead of \/k? — k2, , with k = w/c (c is the ambient wave speed) and
k.q(w) being the above FW dispersion relation. The periodicity-induced FT will
establish direct relations between FD-FW and TD-FW with ¢ # 0.

The generalization is effected by using a frequency shift v’ = w — @,
where the g-dependent @, = og7:/73, with vy = (2 = )2, is a fune-
tion of the interelement pixase gradient «,. This permits the reduction of the
FT of a FW to more standard FTs. Indeed, the transverse-to-z wavenumber

VK2 ~ k2 = 1y fw? — B, with by = a,/(cy?), now has a more standard tabu-

lated w' dependence. Vice versa, and more straightforwardly, the TD-FW has
an explicit time dependence of the form exp(j@,r) where T =t ~ v,z (7 denotes
the time measured in a coordinate frame moving at the z-domain phase speed
9;1), see the above-cited report. Using the above frequency shift, one performs
the F'T which can now be related to tabulated transforms yielding two differ-
ent closed form expressions for Ju'] < |b,| and || > |b,[; these expressions are
combined making a "branch-choice” consistent with the radiation condition at
oo (transverse to z) of the FD-FW.

As an example, this periodicity-induced FT can be directly applied to sim-
ple radiating systems such as the sequentially excited periodic line array of dipoles
in the cited report. Also, the peridicity-induced FT directly reduces to more stan-
dard problems, i.e., an impulsive dipole radiating in a parallel plate waveguide,
yielding direct known relations between FD and TD field descriptions. Vice versa,
having learned the rules, FD and TD fields pertaining to these more standard
dispersive problems can be generalized to the one treated here. It is anticipated
that based on this periodicity-induced FT, other interesting relations can be ob-
tained between FD and TD field representations in more complicated periodic
environments.
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Symmetry and Scattering From Wire Loops

Omar Manuar' and Dwight L. Jaggard
omar@pender.ee upenn.edu and jaggard@seas.upenn.edn

Complex Media Laboratory TAlso Department of Biophysics and Biochemistry
School of Engineering and Applied Science School of Medicine
University of Pennsylvania University of Pennsylvania
Philadelphia, PA 19104-6391 Philadelphia, PA 19104-6059

‘We examine the interaction of electromagnetic waves with wire structures that represent
a range of geometry and symmetry with the goal of classification. Our interest is in the broad
categories under which these structures fall and in understanding these differences from
fundamental physical arguments. Using unknots and toroidal knots, we investigate the polarized
backscattering cross-section and induced multipole moments.

The table below shows how our canonical structures fall into categories. These are
motivated by the behavior of the polarized backscattering and the electric dipole induced by
linearly and circularly polarized plane waves. The groups are distinguished by rotational
symmetry, planarity, and mirror symmetry.

The main division is based on the polarization in backscattering; this is determined by the
rotational symmetry perceived by the incident wave. The next division is based on how accurate
the radiation from the electric dipole term induced by circularly polarized waves approximates the
backscattering cross-section; this is determined by planarity. The third division is based upon the
approximation by electric dipole induced by linearly polarized waves; structures that lack mirror
planes of symmetry have misieading dipoles that do not qualitatively reflect the backscattering
polarization. For all other cases examined here, the electric dipole is a qualitative discriminator of
the backscattered polarization over broad frequency ranges.

Loop PSymmetric, Symmetric, [Toroidal R-Fold symmetric,
planar,no  pon-planar [oop & |symmetric, hon-planar
knirror krefoil  planar untrefoil
symmetry

(1) Perceived
asymmetry

(2) Cir. co-pol.

(3) Lin. cross-pol

(4) Cir. cross-pol

(5) Lin. co-pol

(6) Planarity

(7) Cir. dip. approx.
(8) Rotational
symmetry

(9) Mirror symmetry
(10) Lin. dip. approx.

AN EN RN

<

AN

Legend: (1) Asymmetry seen by incident wave; (2) circularly co-polarized.
backscattering; (3) linearly cross-pol. backscat.; (4) circularly cross-pol.
backscat.; (5) linearly co-pol. backscat.; (6) planarity; (7) approximation by
electric dipole induced by circularly polarized wave; (8) rotational symmetry;
(9) mirror symmetry; (10) approximation by electric dipole induced by linearly
polarized waves; (v') exists or applies; () approximation fails after some size;
(X) approximation fails always.
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Particulate Media as Radar Reflectors

R.D.Bardo, E.C.Fischer, P.Sarman, A.J.Stoyanov,
H.Uberall#*+

Naval Surface Warfare Center, Carderock Division, West
Bethesda, MD 20817, USA

(+ Also at Department of Physics, Catholic University,
Washington, DC 20064, USA)

We model dielectric media with embedded conducting
spheres or short conducting wires as possible materials
for radar absorption and reflection. If the wavelength
is long compared to the size of the inclusions, the media
can be described by effective-medium theory (D.E.Aspnes,
Thin Solid Films B9, 249, 1982) with effective complex
permittivities, which govern the Fresnel reflection and
transmission coefficients leading to a fixed polarization
dependence and fixed polarized returns. An intriguing
possibility of modifying both the reflected returns as
well as their polarization (and also the dependence of
the returns on the polarization of the incident signal)
is being offered by imbedding short wires in the
dielectric matrix. We show numerical results based on
our theoretical analysis for both embedded spheres and
wires; the latter case demonstrates a strong polarization
dependence of the reflected returns, both for the case of
randomly oriented, perfectly conducting wires and
especially for the case of parallel wire orientatioms.

For this application, we must choose the wire length
large compared to the wavelength. Accordingly, for
millimeter wavelengths (tens of GHz and beyond), cm wires
are appropriate, and for shorter-wave radiation, mm
wires can be used. This strong polarization dependence
arises from the fact that the returns from the wire (for
which closed-form expressions are available, see G. T.
Ruck et al, Radar Cross Section Handbook, Plenum, New
York, 1970) take place in the form of a narrow cone,
surrounding the wire in a direction opposite to
incidence. Our theory is based on this picture, and we
present extensive quantitative numerical results for both
reflected intensities and polarization.
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Homogenization Theory, Multiresolution, and the Reflection of
an Electromagnetic Wave from a Complex Laminate - a
Paradigm Experiment

Ben Zion Steinberg
Department of Interdisciplinary Studies, Faculty of Engineering
Tel~Aviv University, Tel-Aviv, 69978 Israel
steinber@eng.tau.ac.il

A time-harmonic field of frequency w in a homogeneous medium is characterized by
a single length scale-the wavelength A. We use A as a discriminator of the various
length scales pertaining to any propagation/scattering scenario in that medium.
Length scales in the order of A and above are termed as macro-scales and length
scales much smaller then X are termed as micro-scales.

We are concerned with a complez heterogeneity, defined as micro (and macro)
scale variation of the medium properties (¢, &), occupying domains of macro-scale
dimensions. When a wave interacts with such a medium, the response field within
and near the complex heterogeneity typically “inherits” the medium complexity—
it contains a wide range of length scales, from micro to macro. However, in a
variety of applications the field observables are determined only by the macro-
scale component, while the micro-scale component is practically irrelevant.

The role of homogenization theory is to develop effective formulations that gov-
ern only the macro-scale component of the field, where the observables reside.
These formulations provide new heterogeneity measures of the medium that (i)
comprise macro-scales only (“effective heterogeneity”) and (ii) describe the cou-
pling between the micro-scale heterogeneity and the macro-scale field. Recently,
a new homogenization technique, based on the theory of multiresolution and or-
thogonal wavelets, was developed (see Steinberg et al, Proc. of URSI International
Symposium on Electromagnetic Theory, Thessaloniki, pp. 88-93, May 1998, and
references therein.) The formulation was applied to develop an effective (homoge-
nized) modal theory for propagation in complex ducts. The fundamental issue of
the role of boundary conditions for the homogenized formulation, and its relation
to the boundary conditions of the original (“complete”) formulation was addressed.
The existence of an effective anisotropy was demonstrated.

The present work investigates the connection of homogenization theory to the
problem of reflection from a complex (finely-structured) laminate. The laminate
reflection operator and its poles in the complex w plane will be studied and the
efficacy of homogenization theory to determine the locations of the lowest poles will
be investigated in light of the aforementioned previous results. Special attention
will be given to the ratio between the micro-scale and X and its role in these
locations. It is shown that the lowest poles locations in the complex w plane can
be used not only to determine the effective properties, but also to. characterize
the length-scales content associated with the complex laminate. These results are
supported by numerical simulations. Implications to time-domain homogenization,
to scattering signatures of complex laminates, to low and mid-frequency probing of
complex laminates, and to fault-detection and characterization, will be discussed.
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RADIATION of a POINT SOURCE SURROUNDED by PLASMA
CYLINDER

T.1.Bichoutskaia, G.I.Makarov *
St.-Petersburg state university, Institute of radiophysics, Ulianovskaya 1,
Petrodvoretz. 198904,St.Petersburg,Russia Phone:(812)428-72-89,
E-mail: radio@snoopy.phys.spbu.ru , Fax:(812)428-72-40

It is known (J.A.Stratton, Electromagnetic Theory,McGraw-Hill,1941),
that a field is amplified if it cuts a plane or spherical boundary between the
media with relative dielectric permeabilitye = - 1 and € = - 2 accordingly.
This situation can be realized on some frequency in plasma sphere (for
instance, C.C.Lin, K.M.ChenProc.IEE,118,36,1971) which surrounds a
point source. '

In our work radiation both from uniform and non-uniform plasma
cylinder has been investigated and a comparison with plasma sphere was
performed. Electrical dipole directed both alongand across the axis of a
cylinderis considered as an emitter. For the horizontal electric dipole (HED)
the rigorous expressions for the factors of a passage are analyzed by
expansion of cylindrical functions as a power series. Resonant properties of
these expressions on frequency for whiche = - 1 are detected. The refined
value of a resonant frequency obtained by the method of comsecutive
approximations is shifted to the low-frequency region, as well as for the
plasma sphere. A field amplification on resonant frequencyis equal to a few
orders of magnitude of the field in the absence of plasma andit depends on
thermal and radiation losses in plasma . The passband width for plasma
cylinder is more than by an order of magnitude greater than the passband
for plasma sphere if the termal losses are absent. If the thermal losses are in
excess of the radiation ones a passband width is the same for the plasma
cylinder and sphere . For the vertical electric dipole the resonant
phenomenon is possible only if the dipole is situated at some distance from
an axis of the cylinder . In this case a fieldamplification turns out to be less
than for the HED. For non-uniform plasma cylinder the solution for the
coupled TM- and TE-polarizations of HED is constructed with power
series.The influence of non-uniform plasma filling &ads to a small shift of
resonant frequency and other characteristics of the resonant phenomenon.

Thus, the resonant phenomenon detected is accompanied by change of a
maximum radiation direction growth of a source radiation resistance on a
few orders of magnitude and widening of a passband with increase of the
cylinder radius. In comparison with plasma sphere the resonant frequency
is shifted in more high-frequency region and the maximum radiation
direction changes for the plasma cylinder The resonant amplification of a
field in the absence of thermal losses decreases in comparison with plasma
sphere by an order of magnitude a well as a passband extends. The
resonant influence for the plasma sphere and cylinder is the same if the
radiation losses are small compare to the thermal ones.
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A Layered Forest Model for Radar Target Simulation

William M. Merrill*!, Nicolaos G. Alexopoulos?, and Oleg Brovko®
Electrical Engineering Department, University of California,
Los Angeles, willlamm®@ee.ucla.edu
2Electrical and Computer Engineering Department,
University of California, Irvine,alfios@uci.edu
SRaytheon Systems Company, Systems and Software Division,
Los Angeles, CA, obrovko@west.raytheon.com

Complex environments such as aerosols, urban sprawl, or dense foliage may
have a substantial effect on the signal scattered from a radar target in addition
to adding to the background clutter returned to a radar. To create automatic
target recognition (ATR) radar systems for use in these environments, knowledge of
the dominant characteristics of the scatterered signal and background clutter must
be known a priori, either to set up the system or in assigning weights to specific
characteristics when training a system, such as the learning phase of neural network
target recognition software. To determine the dominant scattering characteristics
of a target within a complex environment, environmental models and target models
must be combined to provide a realistic account of the interaction between the two,
and in tura the corresponding form of a scattered signal and clutter level.

In this work a layered forest model is proposed, as the first step towards de-
scribing foliage target and radar foliage interactions. This layered model utilizes
a random combinatorial model of botanical trees [P. Kruszewski, et. al., J. theor.
Biol.,, 191, 221-36, 1998] to describe the structure of an evergreen conifer forest.
The combinatorial model provides the stochastic density and connectivity within
the forest as a function of height. Thus allowing a discrete layered approximation of
the forest in terms of layers with constant average vegetation connectivity and den-
sity. An effective layered forest model is then developed from each layer’s equivalent
homogeneous effective permittivity. The effective permittivity of each layer incor-
porates a stochastic account of the forest’s connectivity and density as a function of
height, as well as a first order account of non-static interactions within each forest
layer. This provides a one dimensionally inhomogeneous permittivity description of
the forest applicable up to VHF frequencies. When coupled with a representation of
the ground and sky as lossy and lossless homogeneous half-spaces the layered forest
model provides a large scale description of an evergreen conifer forest.

To utilize this layered forest model in a simulation of radar targets within dense
foliage, the model will be represented in terms of a Green’s function for the forest.
The Green’s function describes the radiation of vertical and horizontal electric and
magnetic dipoles within the bottom forest layer and can be formulated using an ex-
tension of the procedure developed to describe planar microwave integrated circuits
as shown, for example, in [M. J. Tsai ef. al., Electromagnetics, 18, 267-88, 1998].
This Green’s function will enable numerical simulation of a variety dihedral and
tribedral dielectric and metallic targets within the forest environment with a con-
ventional combined Finite Element Integral Equation approach, as well as enabling
characterization of the clutter level within a target free forest.
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Electromagnetic Scattering from Closed, Convex
Lossy Dielectric Scatterers with Applications to
Spaceborne Scatterometry

D. Chatterjee*, S. Taherion and R. K. Moore

Radar Systems and Remote Sensing Laboratory {(RSL)
Electrical Engineering and Computer Science, University of Kansas
2291 Irving Hill Road, Lawrence, KS 66045-2969
Tel: (785)864-7742, Fax: (785)864-7789
e-mail: dchatterjee@kuhub.cc.ukans.edu

The correction of ocean-surface windspeeds for spaceborne measurements re-
quires knowledge of electromagnetic propagation through lossy atmospheres [Ulaby,
et. al, Microwave Remote Sensing: Active and Passive, Artech House, USA,
1985, v. 3, ch. 18]. To that end, the effect of attenuation of rader signals by
rain is quantified in terms of extinction (¢.) and scattering (¢,) efficiencies for a
single Taindrop which are then used to determine the volume extinction (k) and
scattering (x,) coefficients, respectively, for a given probability of raindrop-size
distribution [Ulaby, et. al, op. cit., v. 1, 1981, p. 290, 306, 318]. Knowledge
of K, can help correct some algorithms for ocean-surface wind speeds for remote
sensing applications. The subject of this presentation is to provide a compar-
ative study of plane-wave volume scattering by raindrops for various drop-size
distributions and geometries.

The plane-wave scattering by various closed, convex scatterers has been widely
reported [Bowman et. al., Electromagnetic and Acoustic Scattering by Simple
Shapes, Hemisphere, USA, 1987]. For most practical applications scattering by a
single raindrop modeled as a sphere of lossy dielectric, using Mie theory, yields
acceptable results [Ulaby et. al., op. cit., v. 1, ch. 5]. A recent work [Li et. ol
IEEE Trans. Antennas Propagat., pp. 811-822, Aug. 1995] derives £, via Mie
series for plane-wave scattering for a single non-spherical raindrop model. The
dominant term from [Li et al., op. cit., Eq. {36a)] is identical to £, in [Ulaby, et.
al., op. cit., v. 1, p. 200, Eq. (5-61b)]. Howeverin [Li et. al., op. cit., Eq. (36a)]
the complex argument to the spherical Bessel functions contains the effects of the
non-spherical curvature of the single raindrop. The purpose of this presentation is
to provide a numerical assessment of the various scattering quantities, described
above, for the two raindrop geometries. Since only the dominant term from [Li
et. al., op. cit., BEq. (35)] is evaluated, our results are expected to be accurate to
the first order only.

The Mie coefficients a,, and b, in £, are determined following [Diermendjian,
Electromagnetic Scattering of Spherical Polydispersions, Elsevier, USA, 1969],
thus obviating the computation of spherical Bessel functions. The procedure has
been validated by replicating some well-known results [Ulaby, et. .al, op. cit.,
v. 1, pp. 296-297). Relevant data will be presented for single-drop and volume
scattering for both spherical and non-spherical geometries. The impact of these
results in correcting the windspeed algorithms will be discussed.
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Technology for Geosynchronous Microwave Sounding and Imaging

Michael W. Shields, Michael E.MacDonald,
Anne Grover Vogel, John Sultana
MIT Lincoln Laboratory

Lawrence Hilliard
Goddard Space Flight Center

Jeffery Hesler
University of Virginia

Richard Brand, Kenneth Hamm, Frank Leinhaupel, Rory Davis
Applied Aerospace Structures Corp.

Mark Schlueter, Ken McLean
Composite Optics, Inc.

Microwave sensing of the atmosphere from low orbit has enjoyed a successful history
and recently presented new opportunities with the TRMM mission and the new AMSU
instrument. During the past two years, studies have addressed the technology required to
move this capability from low earth orbit, with its snapshot views and infrequent revisits,
to geosynchronous orbit where hurricanes and serious weather phenomenon can be
sensed throughout their evolution. The proposed instrument employs a rigid, 2-m
reflector, sufficiently small to fit the launch shrouds of many vehicles, with five band
receiver covering the absorption bands of 54 through 425 GHz. The principal technology
challenges were the sub-millimeter wavelength, room temperature mixers and the
manufacture of the reflector with sufficient surface finish (10 um) which maintains its
shape on orbit. A joint study at Lincoln Laboratory, Goddard Space Flight Center and
University of Virginia sponsored jointly by NASA and the National Oceanic and
Atmospheric Administration (NOAA) under the Advanced Geosynchronous Studies
project addressed these concerns. The design of 2 2-m, symmetric Cassegrain reflector
with a small subreflector with motion capability to slightly scan the beam and potentially
correct for distortions in the main reflector was accomplished. The manufacture of the
large, sub-millimeter reflector was studied by two companies with experience in
composite reflectors and both companies are confident such a reflector can be produced
to survive the rigors of launch and maintain the manufactured tolerance in orbit
conditions. Prototype mixers were developed by the University of Virginia for the 425
GHz and 380 GHz bands and are being incorporated into existing NASA and MIT
aircraft instruments,

The paper will the present the design and performance of the antenna, with its scanning
and compensation subreflector, and the sub-millimeter receivers. The planned program
to modify existing aircraft instruments and acquire data in the new 380 and 425 GHz
bands will also be addressed.
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Development of New Electronics for Antenna Impedance Measurements in the Ionosphere

Chad Fish, Cynthia Furse, Charles Swenson
Department of Electrical and Computer Engineering
Utah State University
Logan, Ulah 84322-4120
Phone: (435) 797-2870
FAX: (435) 797-3054
Furse@cce.usu.edu

Abstract

The plasma frequency probe (PFP) has been flown on sounding rockets for over two decade by Utah State
University / Space Dynamics Laboratory. It is used to measure the electron density of the ionosphere by
measuring resonant frequency of an electrically short antenna immersed in ionospheric plasma. An
updated probe is presently under development and is anticipated to be flown on a constellation of small
satellites. Original electronics for the probe are limited to about 1-12 MHz and are fraught with non-
linearities which must be removed through complicated calibrations. A new hardware design using higher-
frequency over-the-counter electronic components is being developed. This will increase the frequency
range of the probe and improve its linearity. This paper describes four configurations for measuring the
complex impedance. The original method (Figure Ia) is a transformer-based design that uses the change in
antenna impedance to output a voltage magnitude and phase that can be correlated to the complex antenna
impedance. This method is highly non-linear because of the ferrite cores of the transformers. Three new
methods of measuring complex impedance are under development. The first method (Figure 1b) is to use
the complex antenna impedance to change the magnitude and phase of the gain through a wide-band op
amp and to usc a Received Signal Strength Indicator (RSSI) chip or a simple RMS detector to output the
magnitude of the voltage and a phase detector to measure the phase. Another method ¢similar to Figure 1b)
is to use the antenna impedance in a voltage divider into the positive input to the op amp. This method
could be more sensitive to small changes in the input impedance, particularly for the phase. The third new
possibility (Figure 1c) is to usc the antenna impedance in a standard bridge circuit to change the voltage
magnitude and phase of the output.
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Figure 1: Electronic configurations for measuring the complex impedance of the PFP
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Optimization of a Cross-borehole Prospecting Technique
for Delineation of Buried Conductive
Ore Deposits in a Resistive Host

Cynthia Furse', David M. Johnson?, Elena Cherkaeva’, Alan Tripp*

'Department of Electrical and Computer Engfneering, Utah State University

Logan, Utah 84322-4120, Phone: (435) 797-2870, FAX: (435) 797-3054

Fursc @cce.usu.cdu

% Rio Tinto Exploration, 2 Kilroe Strect, Milton, QLD, 4064, Australia

JDcpanment of Mathematics, 233 JWB, University of Utah, Salt Lake City, Utah 84112.

*Department of Geology and Geophysics, 717 WBB, University of Utah, Salt Lake City, Utah
84112.

An important class of mineral deposits have highly conductive ore zones embedded in a resistive
host. Examples include the Kambalda, Sudbury Basin, and Voisey Bay nickel deposits. Cross-
bore electromagnetics surveys arc desirable for delincating such deposits where fields transmitted
from one borehole can be received in one (or more) additional borcholes. This paper describes
the application of the full-wave threc-dimensional FDTD simulation method originally uscd in
biomedical simulations to this geophysical prospecting problem. The quasi-static approximation
typically used in geophysical problems is not sufficiently accurate for the MHz frequencies used in
this study, so was not used. The effect of the anisotropy of layered rock beds was included.
Perfectly matched layer boundary conditions were adapted to the case of a hi ghly resistive host
(rather than air, as they are traditionally applied in biomedical simulations).

The location of receivers relative to the transmitter was examined for a simple metallic plate in a
resistive host shown in Figure 1. The host medium has conductivity of 0.001 S/m and £= 6.4, the
vertical magnetic dipoles (VMD) are spaced 5m apart in the transmitting borehole, and additional
magnetic field receivers are spaced Sm apart in the receiving borehole. The metallic structure
(PEC half-planc in this casc) can vary in vertical extent (as indicatcd by Modcls A and B) or
horizontal location. The accuracy with which the plate extent can be analyzed for various
receiver locations is shown in Figure 2.
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Figure 1 — Cross-borehole electromagnetic Figure 2 ~ Estimated unccrtainties of the
survey of a highly conductive ore deposit half-plane edge within the 99% confidence
in a resistive host. region, given uniform data standard crrors

of 10, 15, 20%.
(a) error in vertical extent, (b) error in
horizontal extent.
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The Lateral Wave Effects in the Act
of Radar Subsurface Survey

A A. Boryssenko*, O.S. Boryssenko
Scientific Research Company DIASCARB Ltd.
P.0.Box 370 Kyiv 253222 UKRAINE
Tel/Fax: (380) 44 5153414 E-mail:aab@public.ua.net

The characterization of subsurface features by non-
destructive electromagnetic tools like subsurface penetrating radar
is of growing importance all around the world. Subsurface radars
provide a measure of the travel time of electromagnetic signals
through the earth to the subsurface scattering objects and back. The
travel time is product of both the distance and signal velocity along
the its path. The maximum range of operation distance of
subsurface radar is dramatically limited due to strong attenuation of
radio wave of microwave frequency range in the earth subsurface
regions.

It was found that radar returns demonstrate high-speed wave
propagation under definite conditions. Those data were received in
the acts of radar survey in the Ukraine during the 1997-1998 period.
Registered wave propagation anomalies include strong signal
amplitude and high-speed wave propagation of radar return under
definite conditions. High velocity and low attenuation phenomena
of electromagnetic waves should be corresponded to the effects of
surface wave near a half space of border the earth - air. However
targets, formed radar returns, were under subsurface at finite depth
and surface wave does not give full description of the phenomenon.
The lateral wave effect can be considered here that R. King and G.
Smith (1981) in the book Antennas in matter discussed.

The experimental data with possible lateral wave effect will
be presented, investigated theoretically and discussed in this paper.
Some qualitative and quantitative approximate models of the lateral
wave effect in the subsurface radar survey with evident physical
significance will be proposed.
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Effects of wavefield interactions on simulated GPR signals

by Harold Raemer,Carey Rappaport and Eric Mitler
Northeastern University, Boston,MA,02115

In previous papers by the authors(Proc.SPIE 3392,April, 1998,pp 754-765 and
Proc.SPIE, April, 1999),work was reported on a frequency domain simulation of a
bistatic GPR scenario in which dielectric objects,(e.g. mines)are buried a few
inches below the ground surface.Received signals from the objects must compete
with surface return,the direct signal, scattered signals from random permittivity
fluctuations and clusters of rocks within the illuminated subsurface region. Near-
field effects and the influence of surface roughness were partially accounted for in
our earlier work. However, the reflections from the underside of the air-ground
interface due to first-order scattering from the buried objects and permittivity
inhomogeneities were neglected.In the present workthis effect is approximatety
accounted for in determination of the illumination on a subsurface scatterer.Since
the distance between the underground scatterers and the interface are within a
wavelength in the frequency region of interest(0.7 to 1.3 GHz),this interaction
between them can significantly influence the received signal within specified
delay gates from which the object's location is inferred in the signal processing.
Simulated image plots of the illuminated subsurface region are shown with the
above-mentioned effects included in the algorithm and compared with previous
results in which these effects have been neglected.
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Behavior of scattering cross section from a rough surface at small
grazing angles

Tosif M. Fuks*, Valerian I. Tatarskii, Donald E. Barrick*®
Cooperative Institute for Research in Environmental Sciences,
University of Colorado/NOAA, Environmental Technology Laboratory,
325 Broadway, Boulder, CO 80303
*£)CODAR Ocean Sensors, Fremont Avenue, Suite K, Los Altos, CA 94024

The particular problem of wave scattering at low grazing angles is of great
interest because of it importance for radio wave \ long distance propagation along
the Earth surface, radar observation of near surface objects, and for solving many
other fundamental and applied problems. One of the main questions is - how the
specific cross section behaves for extremely small grazing angles? In the paper
(V.I. Tatarskii and M.I. Charnotskii, Trans. IEEE, AP-46, 67-72, 1998) a general
answer to this question was obtained for the scattering cross section by arbitrary
rough surfaces of two types: with Dirichlet and Neumann boundary condition. For
the last case the main result of such general consideration, obtained there, is the
following: the scattering amplitude tends to a constant without any assumptions on
the relationship between wave length and the geometrical scales of surface
roughness. The results of (D.E. Bamick, Trans. IEEE, AP-46, 73-83, 1998),
including both numerical calculations and a general proof, contains the opposite
statement; the scattering amplitude for both surface types mentioned above tends
to zero as the second power of a grazing angle.

‘We consider the process of wave scattering by a statistically rough surface with
a Neumann boundary condition. This model corresponds to the scattering of
“vertically” polarized EM waves by one-dimensional (i.e., cylindrical) rough
surface, when the magnetic field vector is directed along the generating line of this
cylindrical surface. We assume that the surface roughness is small enough (in the
sense of the Rayleigh parameter) and confine ourselves to the first order
approximation of perturbation theory. This is equivalent to wave scattering in the
Born approach, where Bragg scattering process takes place with only one resonant
Fourier component of surface roughness responsible for the scattering in a given
direction. But we take into account the attenuation of the incident and scattered
waves due to multiple scattering processes on the way "to" and "from" the region
where scattering happens. For plane wave scattering it is shown that the scattering
amplitude tends to zero for small grazing angles, due to the above-mentioned
multiple scattering processes. For finite beam scattering the result depends on the
relation between the beam width and the pseudo Brewster angle, that characterize
the surface roughness influence on the coherent field scattering.

*)0n leave from the Institute of Radio Astronomy Ukrainian Academy of Sciences,
Kharkov, 310002, Ukraine,
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Early Results from Seawinds Scatterometer on Quikscat

W. Linwood Jones and Josko Zec
University of Central Florida
Orlando, FL

Michael Freilich
Oregon State University
Corvallis, OR

David Long
Brigham Young University
Provo, UT

Scott Dunbar and Wu-Yang Tsai
Jet propulsion Laboratory
Pasadena, CA

A new era of active microwave measurements began in the late spring of 1999
with the launch of the NASA Jet Propulsion Laboratory’s Seawinds scatterometer on the
dedicated Quikscat earth observing satellite. This radar instrument is a dual-beam conical
scanning imager capable of obtaining high resolution measurement cells (6 km x 25 km)
through the use of pulse compression. Normalized radar cross section measurements,
sigma-0, of the earth's surface are obtained over a full 360° of azimuth rotation.

The Quikscat mission and the Seawinds instrument are described. Comparisons
are made with the previous NASA Scatterometer that flew on Japan's ADEOS satellite in
1996-97. Early engineering results are presented from the 90 day calibration/validation
period following launch. Also preliminary geophysical results are presented in the form
of retrieved surface winds over the oceans and dual polarized sigma-0 images of land and

ice.
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A Rain Flag for the Seawinds Scatterometer on Quikscat

W. Linwood Jones, Josko Zec and Rushad Mehershahi
Central Florida Remote Sensing Laboratory
University of Central Florida
Electrical and Computer Engineering Department
Box 162450
Orlando, FL 32816

A new era of oceanic wind measurements began in the late spring of 1999 with
the launch of the NASA Jet Propulsion Laboratory’s Seawinds scatterometer on the
dedicated Quikscat earth observing satellite. This radar instrument is a dual-beam conical
scanning imager that measures the normalized radar cross section, sigma-0, of the ocean’s
surface while rotating a full 360° of azimuth. Geophysical algorithms are used to
transform sigma-0’s, measured at different azimuths, into neutral stability surface wind
vectors. Unfortunately, there is not a microwave radiometer onboard Quikscat to provide
an assessment of rain attenuation that can degrade surface wind measurements. This is a
disadvantage especially in the vicinity of strong storms, e.g., tropical cyclones, that are
accompanied by significant rain.

The Seawinds instrument operates in a quasi-radiometric mode whereby
measurements of “signal + noise” and “noise alone” are subtracted to determine the
signal power. A novel approach has been implemented to use the noise measurement as a
total-power radiometer to determine the antenna brightness temperature at 13.6 GHz.
Rain over ocean has a very strong brightness ten;berature signature of about 100 K from
no-rain to heavy-rain. A delta-T of about 20 K can be achieved for Seawinds integration
times that correspond to approximately 50 km spatial resolution in the along and cross-
track directions. This is sufficient to provide a rain flag that quantifies light, moderate and
high rainfall rates. A description of this brightness temperature algorithm is presented
along with preliminary data from Seawinds during the post-launch calibration/validation

period.
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A simple error estimator for adaptive finite element analysis in waveguiding
structures, A. Diaz-Morcillo*, L. Nuno, Universidad Politecnica de Valencia, Spain

Patch antennas constructed from meshes, G. Clasen, R. Langley, University of Kent,
UK
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Comparison of Iteration Convergence in Higher-Order FEM Modeling of Periodic Structures

Yiqun Jiang* and Anthony Q. Martin
Department of Electrical and Computer Engineering
Clemson University, Clemson, SC 29634-0915
E-mail: yiqunj@ces.clemson.edu, amartin@ces.clemson.edu

A three-dimensional vector-field modeling tool based on a periodic hybrid finite element method (PHFEM) was
developed to study the scattering from general periodic structures. Several researchers (e.g. McGrath and Pyati {1]) have
used this technique. In the prior studies, only the lowest-order vector edge elements were employed and these elements do
not always readily lead to sufficient accuracy and efficiency in some applications. Recently, four different types of
higher-order vector elements have been proposed: two sets of interpolatory elements (one by Peterson (2] and another by
Graglia er al. [3]) and wwo sets of hierarchical elements (one by Webb and Forghani (4] and another by Andersen and
Volakis [S]). In this work, the next higher-order vector elements (commonly said to be of order 1.5), of both the
interpolatory and hierarchical type, were implemented into the PHFEM and applied to several doubly periodic structures.
The convergence rate of a sparse solver based on the bi-conjugate gradient method was examined by solving the system
of equations resulting from the use of each type of basis function. For the hierarchical elements, only the higher-order
elements were used in the mesh. The condition number of each system was also d. As an example of the results,
we give data for a pyramidal absorber array backed by a conducting plate under plane wave excitation. The relative
permittivity of the absorber is £, =125 j15. The iteration error, for the four types of vector elements, versus the

number of iterations is shown in Fig. 1. It is obvious that the use of the elements of [4] results in much faster convergence
than does the use of the other elements for this specific problem. The use of the elements of [2] leads to the best-
conditioned system, followed closely by those of [4]. The use of the elements of [3] and [5] leads to much poorer-
conditioned systems. For the problem of a freestanding perforated conducting screen, it has been found that the condition
number for each system is relatively small and all are comparable in size. However, it was also found that while the
number of iterations needed is much smaller than that for the absorber problem, the use of the elements of [4]) results in
much faster convergence than the use of any of the other elements, as is seen in Fig. 2. It is not clear at this time if these
statements hold for other periodic structures, formulations, or iterative solvers, but more results and details will be given
in the presentation.

[11D. T. McGrath, and V. P. Pyati, “Phased array antenna analysis with the hybrid finite element method,” IEEE Trans.
Antennas Propag., AP-42, pp. 1625-1630, 1994.

[2] A. F. Peterson, "Vector finite element formulation for scattering from two-dimensional heterogeneous bodies,” IEEE
Trans. Antennas Propag., AP-42, pp. 357-365, March 1994.

[3] R. D. Graglia, D. R. Wilton and A. F. Peterson, "Higher order interpolatory vector bases for computational
electromagnetics.” IEEE Trans. Antennas Propag., AP-45, pp. 329-342, March 1997.

(4] ). P. Webb and B. Forghani, "Higher-order scalar and vector tetrahedra,” /EEE Trans. Magn., vol. MAG-29, pp.
1495-1498, Mar. 1993. ’

[5)L. S. Andersen and J. L. Volakis, "Hierarchical tangential vector finite elements for tetrahedra,” JEEE Microwave and
Guided Wave Letters, vol. 8, pp. 127-129, March 1998.
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Higher-Order Finite Element-Boundary Integral Method for
Scattering by Large Cavities

M. Zunoubi*, J. Liu, K. Donepudji, and J. M. Jin
Center for Computational Electromagnetics
Department of Electrical and Computer Engineering
The University of Illinois at Urbana-Champaign
Urbana, IL 61801-2991

A very important and yet challenging task is the analysis of electromagnetic
scattering from large, deep, and arbitrary-shaped open cavities. The problem is
computationally complex because of the large number of unknowns resulting from
the spatial discretization of the cavity. To analyze a very large cavity with a sim-
ple interior geometry, high-frequency methods based on edge diffraction and ray-
tracing are prescribed for the RCS evaluations. For small cavities on the other
hand, method of moments (MoM), finite-element method (FEM), or a combina-
tion of both techniques are prescribed. Although such techniques can accurately
model any arbitrary-shaped cavity, the CPU time and computer memory demand
are beyond the present available computing resources for large cavities.

Recently, Jin (1998, Electromagnetics, vol. 18, no. 1, pp. 1-34) has introduced
a very efficient numerical technique for the analysis of electromagnetic scattering
fromn an arbitrarily-shaped open, large, and deep cavity. The FEM is employed to
spatially discretize the cavity while the cavity aperture is terminated in an exact
manner by the boundary-integral (BI) method. The efficiency and effectiveness of
the method rely on the fact that it uses a minimal memory which is only a function
of the aperture size and is independent of the depth of the cavity and its CPU time
increases only linearly as the cavity becomes deeper. Additionally, since a direct
solver is employed for the solution of the system of equations, the scattered field
can be computed for all the angles of incidence with minimal extra computational
effort. Although this technique is very promising for the analysis of both 2-D and
3-D cavities, it uses only the zcroth order vector basis functions which are also
known as the Whitney first-order elements. Due to the low order of thesc elements,
when the cavity is very large, the grid dispersion error becomes very significant as it
propagates through the large number of finite elements. The remedy to this problem
is to generate a finer mesh which in turn adds to the computational demand of the
problem.

In this paper, we propose a new technique which is based on the above method
and employs the higher order interpolatory vector basis functions introduced by
Graglia et al. (1997, IEEE Trans. Antennas Propagat., vol. 45, no. 3, pp. 320-342).
Via employing the higher order elements, we demonstrate that the grid dispersion
error can be significantly reduced while using a relatively small number of elements
per wavelength. To illustrate the efficiency and accuracy of our technique, the
analysis of 3-D open cavitics arc presented.
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FEM Analysis of Lossy Anisotropic Stripline
Structures with High-Order Vector Elements

I-L. Gheorma, R.D. Graglia, P. Savi*

Politecnico di Torino, Dipartimento di Elettronica
Corso Duca degli Abruzzi 24, 10129 Torino, Italia
Tel: +39-011-5644074, Fax: +39-011-5644015

e-mail: savi@polito.it

This work considers application of the Finite Element Method (FEM) to study
shielded waveguiding stuctures such as striplines with lossy, anisotropic, non-
homogeneous material. Anisotropies of both electric and magnetic kind are
considered. Also, the aim is to model losses with a higher precison with
respect to exhisting previous differential-equation based models. Furthermore,
the thickness of the metal strips of finite conductivity can be large, so that the
current density distribution cannot be approximated by a surface current
density.

To model this structures we formulate the problem as a generalized
eigenvalue problem, where a Galerkin form of the finite-element method is
used to discretize the Helmholtz equation by application of the Finite Element
Method. The transversal components of the electric field E are modeled by
curl-conforming elements whereas the longitudinal component E is modeled
by nodal elements, like in (Jin-Fa Lee et al., IEEE Trans. MTT, 39, 1262-
1271, 1991). However, to achieve higher precision without using a large
number of unknowns, both the transverse and the longitudinal components are
modeled by higher-order functions. The curl-conforming elements belong to
the family of interpolatory higher-order vector elements recently developed in
(R.D. Graglia et al., IEEE Trans. AP, 45, 329-342, 1997).

The metallic regions of finite conductivity are discretized and the field in
these regions is computed. This allows a precise evaluation of the lossy
phenomena at the expenses of introducing a higher number of unknowns;
though high-order vector elements permits to reduce this number (at the
expenses of the matrix sparsity).

Several results will be presented to show the convenience of using high-order
elements, which also permit to correctly model the discontinuity of the normal
field components at the interfaces between different materials, as already
noticed in (R.S. Preissig, A.F. Peterson, Digest of URSI Nat. Radio Science
Meet. 1998, p.206).
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A New Finite-Difference Formulation with
Reduced Dispersion for Scattering from
Dielectrics in the Frequency Domain

E. A. ForeY* aAND W. C. CHEW

CENTER FOR COMPUTATIONAL ELECTROMAGNETICS
ELECTROMAGNETICS LABORATORY
DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
UNIVERSITY OF ILLINOIS
URBANA, IL 61801

A highly accurate finite-difference formulation has been presented for the
simulation of electromagnetic wave propagation through inhomogeneous me-
dia in the time domain (Forgy, “A Time-Domain Method for Computational
Electromagnetics with Isotropic Numerical Dispersion on an Overlapped Lat-
tice”, M.S. Thesis, University of Illinois at Urbana-Champaign, 1998). The
formulation consists of the superposition of a noncollocated grid, correspond-
ing to nodes of the standard Yee algorithm, and a collocated grid. The relative
weights of them give rise to degrees of freedom that may be used to minimize
the numerical dispersion characteristics at a particular design frequency. The
exceptionally high accuracy at the specified design frequency in the time do-
main suggests the possibility of extending the finite-difference formulation to
the frequency domain.

Typical high order finite-difference formulations either lead to large sten-
cils or to implicit methods wherein the derivatives depend on the global be-
havior of the fields. In such formulations, it is difficult to model dielectric
interfaces accurately. However, the formulation presented here is local in
nature and, by construction, satisfies boundary. conditions on material dis-
continuities. Thus, it is ideally suited for complex dielectric structures.

When applied to problems in the frequency domain, a large linear system
of equations ensues. Direct solution to the matrix equations would be com-
putationally unfeasible for problems of practical interest. Therefore, efficient
methods must be cnlisted in order to reduce the computational complexity.
The spectral Lanczos decomposition method (SLDM) (Druskin and Knizhn-
erman, Radio Science, vol.29, no.4, pp.937-953) provides a means of model
order reduction based on the Krylov subspace approximation. The SLDM
in conjunction with the new finite-difference formulation provides an accu-
rate an efficient solution to the problem of electromagnetic scattering from
complex dielectric structures.
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Low cost multibeam antennas in the MM-wave regime for radar systems of transport
means, I. Minin, O. Minin, Institute of Applied Physics Problems, Russia

317

Page

318

319

320

321

322

323

324

325

326

327




Diversity antenna arrays for wireless indoor
communications

Keijo Nikoskinen, Juha Juntunen
Helsinki University of Technology
Electromagnetics Laboratory,

P.O.Box 3000, FIN-02015 HUT, Finland
phone: +358 9 451 2263, fax: +358 9451 2267
e-mail: Keijo.Nikoskinen@hut.fi Juha.Juntunen@hut.fi

Diversity reception is a widely used technique in radio communications to alleviate
signal fading due to complex propagation environments such as downtown areas in large
cities. Since the diversity is a property of a group of antenna elements rather than a
single antenna element one can easily list the device parameters allowing the existence of
diversity reception: amplitude and phase excitations, physical locations and polarizations
of the antenna elements. This study concentrates on the design problem of an antenna
array which can be used in a base station of a wireless local area network (WLAN)
to provide diversity. A design method for antenna arrays is introduced, which results
in exactly the same power pattern but dissimilar phase patterns for the array. This
Phenomenon can be exploited in diversity reception if the current weight factors of antenna
elements are chosen from a particular set of element excitation which all yield the same
power pattern for the array but form the complex sum of incoming waves differently.
Dissimilar phase patterns provide possibility to reduce destructive interference when using
selection combining between possible array element weights while the unchanging power
pattern guarantees the fulfillment of the original coverage planning.

The developed theory is rather general and can be applied for linear, planar and 3-
dimensional array design. In indoor radio propagation channel reflections from the floor
and the ceiling are important sources of additional signal interference in addition to walls
and other obstacles. Hence small 2-dimensional array in a base station could be a sim-
ple but effective method to counteract against fading. The well-known space diversity
technique is shown to be a simple specific solution of the introduced method. In fact
the space diversity scheme could be also interpreted as phase diversity since by chancing
the location of the receiving antenna actually chances the relative phases of the incoming
plane wave components at the reception point. The use of an antenna array in a base
station provides means to design the radiation pattern according to coverage needs and
other hand to utilize the signals in all array elements in diversity reception.
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Maulti Polarization Broadband Antenna
Based on Monopole Combination
Laurent Desclos and Mohammad Madihian
C&C Media Laboratories, NEC Corporation, Japan

Abstract: This paper presents a class of broadband monopole-based antennas intended to
be used in Multi-Mode communication systems. Through optimization of the antenna's
physical shape, different structures for both the base station and the mobile terminal have
been developed in a previous paper (L. desclos et al, MTT TSWT, Vancouver, Feb, 1997).
This paper extends the use of a monopole type antenna for a base station with a
combination which provides multipolarization over a broadband frequency range. Special
attention is given to the axial ratio performances versus the frequency.

Summary: The upcoming communication systems are willing to merge several services
in one. Therefore for the antenna the challenge is to comply with the multiple
requirements, We present here a class of antenna for base station which is intended for a
broadband use and able to attain different polarizations, as it will be the case in Multi-
Mode link. Fig. 1 represents the developed antenna structure. The antenna consists of two
orthogonal sets of wideband monopoles surrounded by a metallic dish. The monopoles
have been shaped as a candle type form to maintain a good compromize with gain and
matching performances. It has to be noticed that if one is intended to use only orthogonal
linear polarizations or a smail AR beamwidth of less than 20 deg., he could use cormer
reflectors as in reference 1 combined in an orthogonal manner. However, it will not
generate a good axial ratio over a wide beamwidth due to the dissymetrical arrangement.
In order to combine such a structure to operate in circular polarization, it is necessary to
combine two orthogonal structure therefore, it leads to suppress the ground plane
necessary for the broadband monopole and replace it with a grourded mirror source. One
will present an horizontal polarization and the other one presents a vertical polarization.
The dish is here to extract more gain from the structure, Through the moment method
calculations, we have established a set of curves and abacus helping to determine the
optimum dimensions versus the desired gain or matching and aperture angles. From the
combination shown it is only possible to get either a vertical or horizontal polarization,
however using a 90 deg. phase shifter in the input will result in a circular polarization. A
prototype broadband antenna has been developed for a 2 GHz centered band. The
matching in this case is then better than 7dB over 3 GHz -Fig.2-. However the AR and
gain strongly depend on the penetration of the monopoles within the dish. The dish
diameter is 15cm and the shaped monopole has a height of 5 cm with a candle type form.,
The 3 dB aperture AR is of 60 deg. around 1.8 Ghz and 3 GHz. The aperture changes
according to the frequency and strongly depends on the distance between monopoles and
the dish.

Conclusion: We propose in this communication a broadband antenna able to offer a
multipolarization feature. The combination of shaped broadband monopoles permits to
achieve an AR aperture of 60 deg. for different fequency bands. This kind antenna is
specially interesting for firure Multi-Mode communication systems.
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319

T



Dual Band Shielded Cellphone Antenna

El-Badawy El-Sharawy
Department of Electrical Engineering
Telecommunication Research Center

Arizona State University, Tempe Arizona, USA

This talk presents analysis and measurements of a dual band cellular phone atenna
that has the following features
I-Minimum radiation toward the human user to reduce potential health hazards that may
be associated with exposure to EM signals.
2-Improved performance of the antenna and increased range of the cellular phone. In fact,
the new antenna is expected to have more range than conventional monopole and helical
antennas.
3-Small size that is compatible with modern electronic devices
4-Dual band to work for example in the analog and PCS or analog and GSM.

The above goals have are achieved using a multiple resonance antenna with several
short and open elements. Back shielding in the near field is achieved while maintaining
near omni-directional characteristics in the far field.
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FREQUENCY TUNABLE PIFA AS AN INTERNAL ANTENNA
FOR WIRELESS APPLICATIONS

Govind R. Kadambi*, Tom Masek, Jon Sullivan and Monty Rohde
Centurion International, Inc.
3425 N. 44" Street, Lincoln, NE 68504, U.S.A.

In recent years, the Planar Inverted F Antenna (PIFA) has been a topic of special interest
for cellular communication applications. PIFA exhibits omni directional radiation patterns
in orthogonal principal planes for vertical polarization.For cellular applications,the omni
directional property of the PIFA in its vertical plane (the radiating surface is perpendicular
to the ground) is of importance. However, the usefulness of the omni directional property
of the PIFA in its horizontal plane (the radiating surface is parallel to the ground) is
seldom addressed in open literature and as a result itappears not to have been utilized
in practical applications. The radiation property of PIFA inits horizontal plane makes it
a good choice as an internal antenna for applications such as Radio Frequency
Identification (RF ID) Tag Scanners. In this paper, the design of a PIFA( with capacitive
loading) that has been integrated into a RF ID device is presented. The experimental
results of return loss and the composite radiation patterns of PIFA are discussed. The
improvised techniques to control the accuracy of return loss and the resonant frequency
of PIFA are also described.

In a conventional PIFA, the shorting and feed (probe) pins are closely located. The return
loss and bandwidth characteristics are sensitive to probe position errors. Closer
separation of the feed and shorting pins requires the more precise placement of pins.
Following the technique reported in [R.B. Waterhouse and D.M.Kokotoff, Microwave and
Optical Technology Letters, Vol. 17, No.1, pp.37-40, January 1998], the positions of the
feed and the shorting pins were reversed. This resulted in a larger separation distance
between the feed and shorting pins. There was also a small increase in the impedance
bandwidth. Accordingly, the effect of the probe positioning errors on the return loss
characteristics has been greatly reduced. This is in conformity with the observation of the
above cited paper on shorted microstrip antenna.

The measured resonant frequency of a capacitively loaded PIFA depends on the
fabrication tolerance of the PIFA and its loading plate. Due to mechanical imperfections,
the deviation of the measured resonant frequency from the design value is a common
feature. When the PIFA is used as an internal antenna, its resonant frequency will
undergo an additional change when placed inside a casing depending on the dielectric
constant of the casing material. To compensate such anticipated deviations in resonant
frequency, it is always desirable to have a frequency tuning provision for a PIFA. A
movable dielectric spacer placed in the gap between the ground plane and the loading
plate served as a simple and reliable frequency tuning element. A tuning range of 426
to 464 MHz has been achieved without any significant deterioration of the performance of
the PIFA. A large number of prototype models have been built and tested based on the
design presented in this paper. An exceflent consistency in the performance of the PIFA
has been achieved which in turn validates the novelty of the proposed design.
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Compact Dielectric-Loaded Patch Antennas for L-Band
Mobile Satellite Applications

S. Stout*, J.S. Wight A. Petosa, A. Ittipiboon

Carleton University Communications Research Centre

1125 Colonel By. Drive 3701 Carling Av., PO Box 11490

Ottawa, ON., Canada, K18 5B6 station H, Ottawa, ON., Canada, K2H 8S2

Antennas operating at L-Band for mobile satcom applications are an interesting
challenge in that they must be compact (low-profile), light-weight, and circularly
polarized. In addition, there is a requirement for a wide impedance bandwidth and

an omni-directional radiation pattern which extends from boresight down to the
horizon. Although low-angle coverage is particularly difficult to achieve with a
low-profile antenna, it is an important specification. It ensures that the terminal can

communicate with geo-synchronous satellites that may appear at low-elevations to
the horizon, as is the case for applications in northern latitudes.

To date, several configurations have been investigated to overcome the above
mentioned challenges, these include: stacked microstrip patches; compact dielectric
resonator antennas; and short quadrifilar helices. The single layer microstrip patch,
however, is not a suitable candidate for mobile satcom applications. Although very
low in profile, at L-Band frequencies the patch dimensions are too large, and the
impedance bandwidth is below the requirement for some applications.

In this paper, a novel dielectric-loaded patch antenna is described. It overcomes
both the dimension and bandwidth problems, described above, by strategically
loading the patch with small pieces of dielectric material. The effects of varying the
dielectric load parameters, such as: permittivity; size; and placement, were investi-
gated using both experimental and numerical modeling techniques. Preliminary
results have revealed that when the antenna is optimized for compact size, a
reduction in resonant frequency of up to 30% can be achieved while still maintain-
ing an impedance bandwidth of about 8%.

This initial investigation demonstrates the potential for the dielectric-loaded patch
configuration as a suitable candidate for mobile satcom applications. The presenta-
tion will outline the antenna design, discuss the observed trends, and display the
important results.
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Antennas using a Surface Mounted Component Concept
Low Profile and Printed Structures

Jean-Marie Floc'h*, Laurent Desclos**
*INSA / LCST, UPRES-A 6075 du CNRS " Structures Rayonnantes”
20 avenue des Buttes de Coémes 35043 Rennes
** Network Research Laboratory, C&C Research Laboratories, NEC Corporation, Japan

Abstract :
This paper describes a class of antenna for direct integration on the board of a system. It
discusses several antennas with achieved experimental results. The concept of these
antennas is mainly coming from previous studies on surface mounted antennas and printed
dipole excitation. These antennas are low profile, low cost, easy to integrate as they could
be directly stack on the printed board. Thus,it is possible to have all the circuitry and the
antenna on the same side of 2 printed board. Examples are shown for DECT and DCS
applications.
Summary :
Wireless systems have been developed extensively this last decade and more efforts have
been put on antenna part. The present paper concerns with a class of antennas able to be
integrated as surface mounted components (JM. Floch and L. Desclos, URSI symp. July
1999). Its simplicity makes it suitable for several wireless systems. The basic principle
relies on the coupling between a printed line and a stack dipole. This dipole instead of
being printed directly on a substrate is stack on a small rectangular substrate (for example :
FR4) with a cover to reduce the dimensions. To adjust the antenna position according to the
coupling line, it is as easy as sliding the dipole along the line to have access to the best
hing. The way of hing the new SMC antenna is just sticking on the line and the
base of the structure. Several structures have been investigate. For example in a case of
double dipole for an DECT application (Fig. 1), we obtain more than 5.5 % band around
1.8 GHz for a reflection coefficient S11 better than -6 dB (Fig. 2). The radiation pattern at
1.8 GHz is almost omnidirectional. The choice of a double dipole is a way to increase the
bandwidth; for example a single dipole has almost 1.5 % bandwidth. It is also possible in
the same manner to obtain a double frequency operation. In another hand beam shaping is
made through the composition of these dipoles to realize arrays. The calculations of these
ones are based on the evaluation of the coupling between elements. The shaping is therefore
made through the alignment of several dipoles and mainly follows the already established
rules ( JM. Floch, L.Desclos, “Methods determines the performances of dipole arrays™in
Microwave & RF journal, pp 104-110, sept. 1996). Another point is also the reduction of
the size of each element as it can be made through shaping the dipole in 2 U form. Several
examples of realizations and simulations will be shown.
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Novel Helical Antenna with Significantly Reduced Size

A Safaai-Jazi* and I. Ghoreishian

Bradley Department of Electrical and Computer Engineering
Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061-0111
ajazi@vt.edn

A novel antenna made of a spiral wire wrapped into a larger helical shape
is introduced. The geometry of this antenna, which is a doubly helical structure, is
fully described by five independent parameters, including two radial dimensions,
two pitch angles, and the number of tums. Radiation properties of this antenna are
examined both theoretically and experimentally. The Numerical Electromagnetic
Code (NEC 2) was used to obtain simulation results. A large number of cases
with different radii, pitch angles, and number of turns have been investigated.
Results for far-field patterns, directivity, axial ratio, beamwidth, bandwidth, and
side-lobe level are presented. Several prototypes of the antenna were constructed
and tested using an outdoor antenna range. Far-field patterns were measured over
a wide range of frequencies. The measured and calculated radiation patterns are in
good agreement.

The resuits of this study indicate that the proposed antenna provides
circular polarization and high gain over a wide frequency range. For example,
when the number of turns is 10, a gain of more than 12 dB, an axial ratio of less
than 3 dB, and a half-power beamwidth of about 40 degrees are achieved over a
30% bandwidth. The side-lobe level for most cases examined is better than 10 dB.
A unique advantage of this antenna is its much smaller size compared with
conventional helical antenna made of a straight wire shaped into a helix. Having
about the same or better radiation characteristics, including, gain, circular
polarization, bandwidth, and side-lobe level, this new antenna occupies a volume
more than 3 to 3.5 times smaller than the conventional helix. This reduction in
size, which in turn implies smaller weight and lower packaging and
manufacturing costs, makes the proposed antenna very appealing to many
communications and aerospace applications.
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Hemispherical Helical Antenna

A Safaai-Jazi and E. Weeratumanoon

Bradley Department of Electrical and Computer Engineering
Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061-0111
ajazi@vt.edu

A helical antenna made of a wire wound over a hemispherical surface
backed by a conducting ground plane is introduced. A constant spacing is
maintained between the turns of winding. The antenna is fed coaxially, with the
inner conductor forming the helical winding and the outer conductor becoming
the ground plane. The geometry of this antenna is fully described by the number
of turns and the radius of hemispherical surface. Radiation properties of the
proposed hemispherical helix are examined both theoretically and experimentally.
The wire antenna code ESP (electromagnetic surface patch), based on the method
of moments, was used to obtain simulation results. Results for far-field patterns,
gain, axial ratio, beamwidth, bandwidth, and input impedance are presented.
Several prototypes of this antenna were constructed and tested using an outdoor
anterma range. Far-field patterns were measured over a wide range of frequencies.
The measured and calculated radiation patterns are in very good agreement.

A unique property of the semispherical helix is its very broad half-power
beamwidth. Furthermore, this antenna provides circular polarization and relatively
high gain over a narrow frequency range. As an example, a 4.5 turn hemispherical
helix designed for operation at 3 GHz provides a half-power beamwidth of about
90 degrees, more than 9 dB gain, and less than 3 dB axial ratio over a 250 MHz
frequency range. The input impedance of the antenna is largely resistive and is
about 150 ohms in the above frequency range. Compared with a full spherical
helix (A. Safaai-Jazi and J. C. Cardoso, IEE Proc.-Microw. Antennas Propag.,
143, 7-12, 1996), the hemispherical helix not only occupies half the volume, but
also provides higher gain. This compact antenna is useful for mobile
communicatjon applications and for global positioning systems.
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Polarizatioh—Diversity Planar Printed Dipole-Antenna
for 2.4 GHz ISM-band Wireless Communications

H.-R. Chuang, Y.-F. Wei, and T.-S. Horng**
Department of Electrical Engineering, National Cheng Kung University, Tainan, Taiwan, R.O.C.
Tel: +886 6 2744028 Fax: +886 6 2748690 E-mail: chuangh @eembox.ncku.edu.tw
Department of Electrical Engineering, National Sun Yet-Shen University, Kaoshung, Taiwan, R.O.C. **

This paper presents design, numerical simulation, realization and measurement of a 2.4 GHz
polarization-diversity planar printed dipole-antenna for wireless LAN applications. In the urban or
indoor environments, the radio wave will propagate through complicated reflection or scattering
processes. The polarization of the radio wave may change significantly. In order to effectively
receive the communications signal, polarization diversity antennas for the wireless communicator
becomes an important requirement. In order to have a preferred planar antenna structure, a printed
dipole antenna with a printed balun is designed. Two orthogonal printed dipole antennas with
printed baluns, for vertical and horizontal polarization, are combined and fabricated on a PCB
substrate. Pin diodes are used to switch and select the desired antenna polarization. In the antenna
design simulation, spectral-domain electric field integral equation (SD-EFIE) technique and 3-D
finite-element method (FEM) are applied to simulate this planar printed antenna structure.
Numerical results are compared with experimental measurements of antenna input impedance and
radiation patterns.
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LOW COST MULTIBEAM ANTENNAS IN THE MM-WAVE REGIME FOR RADAR
SYSTEMS OF TRANSPORT MEANS

LV.Minin and O.V.Minin
Institute of Applied Physics Problems, Novesibirsk, Russia
Tel: (007-3832)-329566, Fax: (007-3832)-355711, E-mail: O Klem@dialog.nsk.ru

The modem, compact, low-cost, scanning antennas of MM-wave diapason of new

diffractional type [1.V.Minin and O.V.Minin, Diffractional quasioptics, M., InforTei, 1992] for
radar systems of transport means was considered.
The new conception of designing of radar antenna of transport systems (TS) under the
contract with DaimlerChrysler AG was proposed. This conception consist in the antenna of TS
radar is an element of construction of TS it self:_a part of bumper, lights radiator granting, the
element of bumper or wing, etc. This type antenna consist of the diffractional diagram-forming
device (DFD) and scanning device. The DFD of radar is designed as a result of the process of
manufacturing bumper or any other part of TS from transparent blowkeeping stuff. The cost of
this combined diffractional antenna will be more cheaper, because of the cost of DFD itself is
"zero "-

The creation principle of new type diffractional antenna of MM-wave diapason which
realised this conception and satisfy the all parameters of technical task, was proposed. The
numerical and experimental investigation of new antenna model, which permitted to create the
low-cost, multifunctional antennas of MM-wave diapason for radar systems of transport means,
was accomplished:

-low lost: £2dB

- beamwidth in azimuth plane (3 dB points): about the diffraction limits in the all scanning
angles (in this case less than 1°)

- sidelobe suppresion: < -30 dB

- angular coverage in azimuth plane: up to -30° - +30°

- accuracy of surface manufacturing of diffractional antennas is considerable less than for other
aperture type of antennas.

b}

The Form of the Bumper which is Given

Aerodynamic Radome / Antenna

Thase profile of QDE / Additional
Stiffeners of Construetion

Radiotransparent Stuff of Bumper

Fig.1. Example of the multibeam antenna combined with bumper of the transport systems
and with the aerodynamic radome

Thus the conceptions of designing of low-cost, scanning antennas of new types in MM-wave

regime were designed and were realised. This result is permit to create the radar systems of
different transport means for car, plane, train, ship and etc.
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RADIATED FIELD COUPLING INTO ENCLOSURES VIA APERTURES

Z. Pantic-Tanner*, Franz Gisin, Monica Harvison, Wilson Fung
San Francisco State University
San Francisco, CA 94132
(pt@sfsu.edu)

Electromagnetic fields produced by high powered transmitters can cause significant
susceptibility problems in the digital and analog circuits used in the computer, airline and
automotive industries. One of the main mechanisms of coupling is through enclosure apertures.
Radiation of electromagnetic fields due to sources inside enclosures coupling through apertures
have been extensively studied (J.D Turner, et al, 'Characterization of the Shielding Effectiveness
of Equipment Cabinets Containing Apertures”, EMC '96 Roma, September 1996; S. M. Radu, et
al, "Investigation of Internal Partitioning in Metallic Enclosures for EMI Control"; and Shinji
Tanabe, et al, "3D-FEM Analysis for Shielding Effects of a Metallic Enclosure with Apertures”,
1996 IEEE International Symposium on EMC). The reverse, however, where plane waves
penetrates an enclosure via the same apertures that radiate has not received as much attention. In
this paper we address the coupling problem from the point of view of susceptibility instead of
emissions.

Enclosures that house electronic circuits generally have apertures (slots between two
adjacent metallic pieces, cooling vents, etc.) that become more transparent as the frequency
increases. Once the electromagnetic waves penetrate an aperture, it can excite standing waves in
the cavities surrounding the electronic circuits. These mechanisms can produce high levels of
induced voltages and currents that cause the circuits to malfunction.

In this paper, several examples of small desktop and handheld electronic devices are
modeled using the FDTD method to show how these effects can cause sensitive electronic circuits
to malfunction. A novel broadband modulated Gaussian pulse was used as the source. The
broadband nature of the source allowed us to obtain accurate modeling information from fairly
low frequencies up to approximately 15 GHz using only one time sweep.

Three separate analysis were performed. The first study modeled the effects of an
isolated aperture. A simple model where the aperture was placed in an infinite ground plane was
used. An electrically small source (to simulate a point source) was placed on one side of the
aperture, while several field probes that measured E, E,, E,, Hy, Hy, and H,, were placed on the
other side. The frequency domain magnitude of the field probes , FFT(probe) were divided by
the frequency domain magnitude of the source, FFT(source), resulting in a simple “transfer
function” metric that could be used to compare the relative effectiveness of different shaped
apertures. In the second study, the apertures were added to differently shaped enclosures. For this
case, the source was modeled as a plane wave impinging on the enclosure. The E and H-field
probes were placed inside the enclosure. In this case, the field probes values included both
aperture and enclosure cavity resonances. In the third study, several simple planar circuits on
printed circuit boards located inside the enclosure were added to the model. The induced voltage
and current were computed. Comparing the results from the these three studies, the effects of the
two field coupling mechanisms (aperture coupling and/or cavityresonances) on the induced
voltages and currents in the printed circuit board circuits could be evaluated.
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A HYBRID FEM APPROACH TO INTRASYSTEM EMC ANALYSIS

Juan V. Balbastre* and L. Nuifio
Department of Commnunications.
Polyechnique University of Valencia (Spain)

Electronic systems are enclosed in some kind of envelope or shield, in order to protect them
from their environment. However, those envelopes will modify the electromagnetic behavior of
a given system, thus affecting its whole performance. In the present work, we have adapted a
previously developed 2D technique (J. V. Balbastre, L. Nufio and M. Ferrando, J[EEE Trans.
Electromagn. Compat. 40, 47-54, 1998) for solving intrasystem z-invariant EMC problems, like
that shown in figure 1. The proposed solution is based in a multimodal scattering matrix,
obtained using the Finite Element Method and the modal expansion of the solution in terms of
cylindrical harmonics inside the boundaries p, and p,. Then, once the structure has been

characterised by its scattering matrix, and the cylindrical-wave spectrum of the interferent
signal is identified, the total electromagnetic field can be computed inside the structure.

This procedure has been applied to compute the perturbation introduced in the cavity on the
right when the line source is placed on the z-axis (see figure 1). In figure 2 we present the total
electric field in the victim cavity when the operating frequency matches that of the cavity TMz)
mode. However, the TMy, is not excited, although it has the same resonant frequency. In fact,
no mode with its field pattern vanishing along y=0 is excited, as can be observed in figure 3,
where we show the electric field inside the cavity when the operating frequency corresponds to
that of TM;; mode. In this case, the maximum E field strength inside the cavity is 0.03 V/m,
instead the 1.07 V/m achieved in the TM,,; case. All those results correspond to no resonant
slots (the slot length is not a multiple of the half-wavelength). If the frequency is fixed to TMz,
resonant frequency, but the slot length is modified in order to be now resonant, a significant
interferent field is coupled into the victim cavity. This can be seen in figure 4, where the
maximum E field inside the cavity is 1.86 V/m. Thus, we can state that the amplitude of the
perturbation depends on both the cavity and the slot resonant frequencies.

331

1 I T



Application of AWE in Conjunction with SWITCH Code

C. I. Reddy* C.R.Cockrell & FB.Beck  S.Bindiganavale & M. Sancer

Hampton University NASA Langley Research Ctr. Northrop Grumman Corp.

Hampton VA 23668 Hampton VA 23681 Pico Rivera, CA 90660
ABSTRACT

The SWITCH code with hybrid Finite Element and Method of Moments
using curvilinear basis functions to reduce the number of unknowns is a powerful
tool to calculate RCS of arbitrarily shaped objects. One of the disadvantages of
this code is the computational cost involved in obtaining solutions over a
frequency range as computations are to be repeated for each frequency over a
frequency range. In this paper, an application of Asymptotic Waveform Evaluation

(AWE) with Pade approximation to SWITCH code is presented. This approach
was validated previously with triangunlar/tetrahedral element based hybrid FEM/
MoM codes developed at NASA Langley Research Center (Cockrell et al, NASA
TM 110292,1996, Reddy et al, NASA CR 97-206261, 1997). The AWE technique is
first applied to Electric Field Integral Equation (EFIE) part of the SWITCH code
with curvilinear quadrilateral elements. Figure 1 shows RCS of a PEC ogive
(EMCC benchmark) calculated using AWE technique with Pade approximation
at frequencies f,,; and f, ;. Advantage of AWE technique is that system calculations
need to be done only at f,; and f,5. The results are compared with calculations
done by SWITCH at 60 individual points. The AWE technique with 600 points of
frequency extrapolation required 1104 secs of CPU time, whereas 60 points of
SWITCH individual calculations required around 8296 secs of CPU time on an
SGI, Indigo 2 machine. Currently we are extending the implementation of AWE to

the RCS calculations of the cavity-backed apertures. More numerical examples
will be presented at the conference.
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Efficiency, Accuracy, and Stability of Hybridized Finite-Elements, |
nite-Volumes, and Finite-Differences in Transient
Electromagnetic Simulations

Douglas J. Riley
Electromagnetics and Plasma Physics Analysis Department
Sandia National Laboratories
Albuquerque, New Mexico 87185-1152
djriley@sandia.gov

The hybridization of finite-elements, finite-volumes, and finite-differences for tra n-
sient applications is examined in this paper. Edge-based finite-elements provide
geometric flexibility, are inherently stable, and accurately model interior boundary
conditions. On tetrahedral-element grids, conditionally stable implementations
pased on both Whitney -1 and -2 forms, a@s well as unconditionally stable impl -
mentations based on Whitney-1 forms are well known. Edge-based functions for
other celi types are also available. Finite-element schemes are generally unstru ¢c-
tured and implicit, and although they can pe solved fairly efficiently using precond i-
tioned conjugate—gradient methods, their efficiency is lower than structured-grid finite
differences.

Finite-volume methods based on offset, or dual, grids represent a generalization of
the relatively simple finite-difference time-domain method. A variety of finite-volume
algorithms have peen proposed, each with varying degrees of success related to the
element type. Because of their explicit nature and the ease of generalization toar-
bitrary cell types, finite-volume methods are appealing; however, it appears that the
fundamental algorithm's are typically unstable in the late time for ali cell types other
than rectangular hexahedral elements. Various stabilization schemes of the basic
algorithms have been proposed. These include modific ations to the time-
advancement to provide high-frequency dissipation, and forcing symmetry in the
projection matrices. Both of these methods have been found to be successful for
certain cell types and geometries.

The hybridization of 3D finite-volume methods and structured-grid finite-differences
has been researched for many years. More recently, 3D finite-elements have also
been combined with the finite-difference time-domain method. Although these hybrid
schemes can provide high accuracy and efficiency, they both have been doc u-
mented to suffer from weak instability, which may or may not be an issue depending
on the geometry under investigation and/or the discretiz ation. .

This paper provides a detailed look into finite-elements and finite-volumes, and their
hybridization with the rectilinear finite-difference fime-domain method. Through the
judicious use of dual-grid finite-volume methods at the interface between finite-
elements and finite-differences, both grid reflection errors and late-time stability can
pe improved. However, a definitive solution to stability remains open at this time.
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E\ectromagneﬁc Sounding of Cavities in Layered Lossy Media

Viadimir Veremeys Ji-Fu Ma, Wenhua Y¥ and Raj Mittra

Electromagnetic Communicatron Research Laboratory

Pennsylvania State Universitys 319 Electr'rca\ Engineering East
University Park, PA 16802—2705

e-mail: RlMECE@engr.psu.edu ot va2@psu.edu

Location of inhomogeneit‘res in 2 aratified medium is 3 very jmportant problem
pecause it finds a wide variety of applicaﬁons ip remote sensing, geophysical prospect'mg
and non—descructive {esting. This has prompted the development of @ plethor? of
techniques for the analysis of the e\ectromagneﬁc properties of the earth under the
assumption that itis @ layered dielectric structure, and that the objects t© be located are

a rocky medium, that rely upon electromagnetic induction for their detection. In contrast,
the approach presented in this papet has been developed for the exp\oration of buried
cavities filled with materials such as air, Whose conductwity is negligibly small. In
addition, the conductivity of the surrounding medium can be very high and, hence, We
consider the situation where the penetraﬁon of the e\ectromagnetic waves is extremely
shallow at high frequencies- One consequence of this is that, in order 0 jocate the
cavities that 21¢ embedded deep I alossy ground, it becomes pecessary 10 utilize very
low frequencics, & 2 VLF and ELE, for the sensing. However, the modeling the buried
cavity problem pecomes Very difficult when the frequency is less than 1 iz, if
conventional pumerical techniques, -8 the Finite pDifference D) GA Newman and
DL. A\umbaugh Geophysical Prospectings: 43, 1021—1042, 1995), Finite Element (FE),
or the Finite Difference Time Domain (FDTD) methods ar® employ® for this purpose.
To circumvent this problem, we propose 2 hybrid approach in this papet that combines
the pumerical methods with asymptotic extrapolation 2 ast Fourier Transform
techniques; t0 derive the solution to the problem in hand.

As the first SteP in this approach, We derive the Green’ ganction for the layered
media followed the Hertz potentia\ approach, proposed by Felsen (L. Felsen and N.
Marcuvitz, Radiation and Scattering of Waves, Prentice-ﬁall, Electrical Engineering

Series, 1973), because 1t leadsto 2 numericauy convement form.
Next, we construct ant analytica\ly explicit solution ofa canonical problem,viz., that
of scattering bya dielectric inclusion of spherica\ shape, an show that the field inside the
sphere tends asymptotical\y 1o a constant in the low frequency timit. This enables us 10
extrapolate the field pehavior t0 frequencies pelow the 1ower end of the numer'roa“y-
viable limit for which we are able carry out the computation by using one of the
available pumerical techniques.

Finally, W€ apply the extrapolation approach in this paper to the 3-D cavity problem
and present aumerical results that iltustrate the efficiency of the method.
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A Method for Incorporating Perfect Conductors into the PITD
Scattering Method

J.A. Miller and R.D. Nevels
Department of Electrical Engineering
Texas A&M University
College Station, TX 77843-3128

The Path Integral Time-Domain (PITD) method (R. Nevels, J. Miller, and
R. Miller, “Rotation in Electromagnetic Field Equations: A Discussion,
Interpretation and Application”, AP-S/URSI International Symposium, Atlanta,
Georgia, June 1998, p.875-878) is a new electromagpetic field scattering
technique. It is based on a Feynman path integral formulation, which results in a
propagator solution to the time domain form of Maxwell’s differential equations.
The essence of the PITD method is that the present time electric and magnetic
field components are first Fourier transformed into the spectral domain, then
multiplied by a state transition matrix and finally inverse transformed back to the
real space-time domain. This set of operations advances the field one time step.
Although simple in principle, the PITD method has not proven successful when
the scattering object is a perfect conductor. The difficulty centers on the manner in
which the Fourier and inverse Fourier transforms are numerically implemented in
the PITD algorithm. X a fast Fourier transform is used then some high frequency
components become suppressed at each time step, which is manifest as an
instability in the field calculation.

In this paper, we will present a procedure for incorporating a boundary
condition for a PEC object residing in a lossless homogeneous space into the
PITD method. In theory, a boundary condition should not be necessary with this
method. We will first discuss the numerical limitations that prevent direct
application of the PITD method when a plane wave impinges on a PEC object. A
technique for explicitly enforcing the Dirichlet boundary condition on the
conductor will then be described. The subtlety of this boundary condition
becomes apparent in two and three dimensional problems. In the rectangular
lattice the incident electric and magnetic fields must be decomposed into
components tangential and normal to the stair stepped surface of the scattering
object. It will be shown that this method is simple and can be numerically
implemented in a straightforward manoer. Examples will be presented for a plane
wave incident on a one-dimensional planar surface and a two-dimensional circular
cylinder. The results will be compared with exact field solutions obtained from
analytical equations.
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Methods for Incorporating High Dielectric Constant Scatters into
the Path Integral Time-Domain Method

R.D. Nevels* and J.A. Miller
Department of Electrical Engineering
Texas A&M University
College Station, TX 77843-3128

The Path Integral Time-Domain (PITD) method (RNevels, J. Miller, and R. Miller,
“Rotation in Electromagnetic Field Equations: A Discussion, Interpretation and
Application”, AP-S/URSI Intemational Symposium, Atlanta, Georgia, Junel998, p. 875-
878) is a new electromagnetic field scattering technique based on a Feynman path integral.
The path integral formulation yields a propagator solution to the time domain form of
Maxwells differential equations. The PITD algorithm for implementing the path integral
equations is as follows: 1)The present time electric and magnetic field components are
Fourier transformed into the spectral domain. 2)The spectral domain components are
multiplied by a state transition matrix, accomplishing time stepping. 3Yhe resulting
product is inverse transformed back to the real space-time domain. However, spurious
errors arise when the electromagnetic field scatters from objects with a high dielectric
constant. These errors can be traced to the state transition matrix. This matrix is composed
of simple combinations ofsines and cosines. Because a numerical fast Fourier transform is
used to approximate the Fourier transform in the path integral expression, each component
of the transition matrix must form a full period in the numerical space. However, the
period of the transition matrix depends on the dielectric constant of the region in which it is
applied. If for example the numerical code is set up so that the components of the
transition matrix form a complete period in air then the transition matrix components will
typically not be symmetric in any of the non perfect conductingcatterers in that region.

In this paper, we will present several procedures of overcoming this difficulty. One
approach is to map each dielectric region into one that produces transition matrix
components that form a complete period for each dielectric in the scattering region. After
the 3" step in the above algorithm the spatial field components can then be mapped back
into the original space by a simple interpolation procedure. A second approach is to
increase the spectral frequency sample width. Again the result of the § algorithm step is
mapped back to the original sample width space. The third approach is to use non-uniform
fast Fourier transforms. This approach requires no interpolation or mapping. Results
obtained with each of these methods will be compared with exact analytical solutions.
Examples will include one-dimensional scattering from a slab and two-dimensional
scattering by a circular dielectric cylinder, each excited by a plane wave incident field.
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Conformal Loadbearing Antenna Structures

Stephen W. Schneider*, Joseph A. Tenbarge and JimTuss
Air Force Research Laboratory
Wright Patterson Air Force Base
Dayton, OH

As the demand for more sophisticated avionics has grown, so has the demand for RF
antennas to support these functions. A typical military aircraft has as many as sixty to
seventy single function antennas located at various points on the vehicle. Hence,
significant portions of the aircraft surface are dedicated to antennas, with many
antennas competing for the locations that provide the maximum field of view and
minimum electromagnetic interference. Traditionally, antennas designers developed
and manufactured antennas for a specific function, then sold them to airframe
maintainers to ‘bolt on” or ‘bolt in” to the aircraft structure. Mechanical/structural
considerations often imposed size and placement constraints on the antenna resulting in
a compromise of performance.

Under Air Force sponsorship, structures, material and antenna designers have pooled
collective talents to develop a new high payoff aperture technology referred to as
Conformal Loadbearing Antenna Structures (CLAS). Using this approach, traditional
aperture antenna installations are replaced with a variety of structurally integrated
antennas imbedded in the outer mold line of the host platform. The use structurally
integrated antenna technology allows antennas of much larger size to be placed in
locations heretofore unusable.

In this presentation, we will describe current advancements in Conformall oadbearing

Antenna Structures. This presentation will focus on the design methodology and
potential payoffs. Results will be shown and discussed.
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Advances in Modeling Conformal Antennas on Cylinders

Leo C. Kempel*
Electromagnetics Laboratory
Michigan State University
East Lansing, MI

Significant research has been performed over the past ten years in applying the finite
element-boundary integral (FE-BI) method to the problem of modeling conformal
antennas. The principal reason for interest in the FE-BI as a means of predicting
conformal antenna performance is its ability to model complex antenna shapes with
inhomogeneous material properties.

Our research group, as well as colleagues at other organizations, has found that
achieving acceptable results for such antennas require more than blindly using general
purpose computer programs. Optimized numerical solutions are often required to
achieve acceptable results. Researchers at Michigan State have recently developed FE-
BI tools for analyzing the radiation properties of complex antennas such as the circular
log-periodic antenna shown inFigure 1.
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Figure 1. Log-periodic antenna and far-field phase response vs. angle-of-arrival.

The phase of the transmitted signal is shown for modes 1 and 2. The difference
between these two mode phases indicates the angle-of-arrival. Note that for mode 1
the slope of the phase response is one while for mode 2 the slope is two.

We will present our latest findings for modeling such complex antennas as a
continuation of the material presented at last year's meeting. This presentation will
focus on new solution methodologies, inclusion of significant antenna curvature in the
results, and comparisons with measured data.
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Analysis and Design of a Cavity-Backed Log Periodic Array Antenna

T.E. Durham, B.A. Karr, G.K. Gothard
Harris Corporation, P.O. Box 94000, Melbourne, FL 32902-9400
and
C.G. Christodoulou
Electrical Engineering Department, University of New Mexico, Albuquerque,
NM 87131-1356

A detailed analysis has been developed for a particular class of cavity-backed log
periodic (CBLP) array antennas. These antennas are useful for very broad
bandwidth applications. In the CBLP antenna, a log periodic array of elements is
mounted in a circular cavity having a conical bottom. The cavity is loaded with
dielectric to reduce the physical size of the overall antenna. The antenna is
modeled using a previously developed method of moments (MoM) solution for
structures with partial rotational symmetry (Durham and Christodoulon, IEEE
Antennas and Propagation, September 1992, pp. 1061-1067). In this solution the
rotationally symmetric portion of the structure can be perfectly conducting and/or
dielectric. The remainder of the structure consists of multiple arbitrarily shaped
conducting objects. For the cavity-backed antenna, taking advantage of the
rotational symmetry of the cavity and dielectric regions results in a more
computationally efficient solution than would otherwise be possible.

Current distributions on the radiating elements as well as far field patterns have
been generated based on the MoM solution. An extensive set of measurements
has also been obtained on a CBLP antenna. In this presentation we will compare
the predicted and measured far field magnitude and phase patterns. Very good
agreement has been obtained for both magnitude and phase. The usefulness of
current visualization in designing a CBLP antenna will also be discussed. Current
plots have been used to optimize the cone angle of the cavity bottom in order to
suppress higher order harmonics that can have deleterious effects on antenna
performance in some applications.
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A Technique for Analyzing Cavity-Backed Conformal Antennas
Mounted on Arbitrarily-Shaped Conducting Bodies

Dean Arakaki*, Douglas Werner, and Raj Mittra

Department of Electrical Engineering
The Pennsylvania State University
University Park, PA 16802

This paper presents an efficient method to solve radiation problems for cavity-backed
conformal antennas mounted on arbitrarily-shaped conducting bodies. When system parameters
are modified, only a small portion of the overall method requires re-simulation. This leads t0 a
significant improvement in computational efficiency over presently-used techniques.

The method utilizes the reciprocity principle to formulate the original problem in two
steps. First, we analyze the region containing the conformal antenna, which is typically
inhomogeneous. The finite-difference time-domain (FDTD) method is used for this analysis to
derive equivalent electric and magnetic currents J and M on the surface 8, (see Fig. 1) of the
radiating aperture of the antenna. Next, Sy is backed by a perfect electrical conductor (PEC) to
short out the electric currents and the problem reduces to that of computing the radiation from
these magnetic currents located on the closed PEC body. This calculation takes into account the
shape or the PEC body in the vicinity of the antenna.

Cavity-Backed Radiating
Microstripfmch/ Aperture, S;
s Antenna
Radiating — Dielectric Superstrate

Patch ——=

—

Arbitrarily-Shaped
PEC Body

Dielectric
Substrate

Fig. 1 Problem Geometry

The second step entails the application of the reciprocity principle to address the pattern
computation problem. By invoking the reciprocity principle, we can write

jE,~12 dV=—IH2-M, dav N

Our objective is to compute E; radiated by M; at an observation point P. We proceed by solving
for the surface electric currents flowing on the closed PEC body by illuminating it with an
infinitesimal dipole source J; placed at location P. This problem is well-suited for handling by the
method of moments (MoM) or its variations, e.g., the Fast Multipole Method (FMM). From the
electric currents, the equivalent surface magnetic fields H, are readily determined and by
performing the integration on the right-hand side of (1), the desired field E, is computed.

Numerical results that serve to validate the proposed approach will be included in the
‘paper.
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Fast Hybrid Finite Element Algorithms for Conformal Antenna Analysis

J. L. Volakis, T. F. Eibert, K. Sertel, L. S. Andersen and D.S. Filipovic
Radiation Laboratory
Electrical Engineering and Computer Science Department
The University of Michigan
1301 Beal Ave
Ann Arbor, MI 48109-2122, USA

Email: volakis@umich.edu

FAX: 1-734-647-2106

Hybrid finite element-boundary integral (FE-BI) methods have found success for the analysis of
conformal antennas and arrays, often recessed in a vehicle's skin. For the most part, previous
empbhasis of the FE-BI methods has been on single element analysis with particular emphasis on
multilayered structures. In this paper, we will present several recent upgrades of the FE-BI with
particular emphasis on periodic array analysis. The following topics will be covered

1. Fast intepral algorithms for mesh truncation Three fast methods will be
examinedpresented for finite and infinite array applications. The two popular

methods (fast multipole, adaptive integral methods)can be implemented to realize up
to O(NlogN) CPU and memory. However, each method has advantages when dealing
with specific array configurations. For periodic arrays, a new method will be
introduced, referred to as the advanced spectral domain method, to reduce the CPU

and memory requirements down to &N, where o is a constant. We note that this holds

even for small values of N (less than 1000).The performance of this approach will be
compared with other fast methods, particularly when dealing with multilayered
configurations. )

2. Finite Asrays: For large finite arrays and frequency selective surfaces, hybrid
techniques will be presented to efficiently treat such apertures in the presence of
multi-layered structures or treatments.

3. Hierarchical Elements Higher order or multi-resolution elements are often used for
better accuracy in regions associated with rapidly varying fields. However, they also
lead to worse matrix condition numbers. To overcome this issug we have employed
a new class of hierarchical multi-resolution elements which can be used selectively
over the radiating edges of the antenna/array element. We will demonstrate the
efficiency and improved accuracy of this approach.

4. Platform Interactions: When installed on platforms, antennas interact with the nearby
structures, thus, giving rise fo patterns distortions and scattering contributions. We
will discuss techniques for incorporating antenna effects into standard moment
method or high frequency methods.
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Integrated Antennas for Advanced Handset Communications Units:
Miniaturization and Human Interactions Reductions

Y. Rahmat-Samii
Department of Electrical Engineering
University of California, Los Angeles

Los Angeles, CA 90095-1594
rahmat@ee.ucla.edu

The recent market evaluations and projections point to a continuing growth in popularity
of personal terrestrial and satellite communications systems. Among the diversified
components involved in the operation of these systems, handset units are perhaps the
most visible part of the system that must be designed to satisfy user needs. Design issues
range from the esthetic look of the unit to heaith considerations and antenna performance.
Depending on the user’s sophistication and operational needs, it is projected that a wide
variety of designs will be used. As has been shown (Jensen and Rahmat-Samii, IEEE
Proceedings, Jan. 1995), for a typical monopol antenna, approximately 50% of the total
radiated power are absorbed in the biological tissues. The implications of this absorption
are the reduction of the performance efficiency, high specific absorption rate (SAR) and
reduction of the battery life. Any improvements in the antenna design are clearly of
interest and are the topic of intense research.

The practical considerations for the design of handset antennas are the following: 1)
impedance match and bandwidth, 2) biological tissue effect on the input impedance and
radiation pattern, 3) antenna gain, 4) antenna polarization, 5) power absorption in the
human biological tissue, 6) antenna diversity performance to minimize the signal fading,
etc. This presentation will highlight some of the recent progress in meeting these
objectives. In particular, characteristics of integrated back-mounted antennas will be
presented. Utilization of high dielectric material with extemnal perforation in order to
reduce the effects of the surface waves and to also isolate the antenna from the handset
unit will be discussed. Additionally, by mounting the miniaturized antenna in the back of
the handset, reduction of the energy absorption by the biological tissue is also observed.
The concept of residing antennas on PMC-type material will be also evaluated. The
machinery of the Finite Difference Time Domain (FDTD) and Eigenfunction Expansion
Method (EEM) are used to assess the performance characteristics of these antennas in
various operational situations. Representative data are presented for the S1l, antenna
patterns with and without the presence of the users head and hand, near field
characteristics, and SAR values.
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PATTERN SYNTHESIS OF ARC ANTENNA ARRAYS WITH
DIRECTIONAL ELEMENTS

Kathleen L. Virga
Department of Electrical and Computer Engineering
University of Arizona, Tucson AZ 85721-0104

The geometry of arc antenna arrays precludes the use of pattern synthesis
techniques commonly used for planar arrays. In arc antenna arrays, the element
pattern and array factor cannot be separated since the pattern function depends
upon the element pattern in the particular direction of interest. The individual
pattern of each radiating element depends upon the location of the element in the
array and is different from all of the others. Another consideration is that at wide
observation angles, some of the edge elements are blocked by the internal
electronics and thus a “line of sight” factor must be included as part of the
element factor. The element patterns, in many cases, will be different from the
simple element patterns of dipole antennas that have often been used in arc
antenna array modeling.

A multitude of distribution functions can be obtained when the arc array allows
for independent phase and amplitude control of each element. To obtain the
optimal distribution functions given a set of pattern and/or distribution
constraints, a design program based upon Genetic Algorithms (GA) is used. GA
optimization methods are particularly useful for multi-variable design problems
that are highly constrained and thus difficult to solve with local optimization
techniques. In this case, GAs are used to optimize the array amplitude and phase
coefficients given the array geometry and the physical element factor data as a
function of angle. The element factor data is obtained from simulations and
measurements of Vivaldi and Dual Exponentially Tapered Slot Antennas
[Greenberg, et. al. 1999 Antennas and Propagation Society Digest].

Results for several pattern cases will be discussed. These cases include patterns
for optimum directivity, optimum directivity with a constraint on the maximum
sidelobe Jevel, and optimum directivity with a constraint of discrete (or quantized)
phase and amplitude values. Comparisons of the effects of arc sector size,
element spacing, directionality of elements, and distribution constraints on
pattern performance will be given. The output parameters of interest include the
array phase and amplitude distribution as well as the radiation pattern
characteristics. A comparison of the robustness of antenna performance for a
particular array due to amplitude and phase quantization and small random errors
will also be discussed.
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Modelling of a Conformal High Gain Satellite Antenna
with Full Spherical Coverage

*D. Loffler, E. Gschwendtner, W. Wiesbeck
Institut fiir Hochstfrequenztechnik und Elektronik,
University of Karlsruhe, Kaiserstra8e 12, 76128 Karlsruhe, Germany

Summary

The satellite Hipparcos (High Precision Parallax Collecting Satellite), launched by
ESA in 1989, measured the positions, parallaxes and proper motions of about
120,000 stars. The space science mission DIVA (S. Roser et al., "DIVA - a small
satellite for global astrometry and photometry", IAU General Assembly, Kyoto,
Japan, 1998, to be printed in Highlights of Astronomy) is intended to be a
successor of Hipparcos and a scientific and technological precursor for major
interferometric science satellites planned by ESA (GAIA: Global Astrometric
Interferometer for Astrophysics, ESA's Horizon 2000+ Astrometry program) and
NASA (SIM: Space Interferometry Mission, scheduled launch June 2005).

Like some other small spinning scientific satellites, DIVA has a fixed position of the
spinning axis with respect to the sun. Due to this alignment, the earth can appear in
any angular position relative to the satellite, which causes the need for an antenna
with full spherical coverage to maintain a permanent link to the control facilities on
earth.

Up to now this coverage usually was achieved by the use of ordinary TT&C-
antennas, as they are utilized on communication satellites for telemetry, tracing and
command. For this control application there is no need for high-data-rate
communication, so this antenna neither offers high bandwidth nor high gain. The
low gain of this antenna type results in a bad signal-to-noise ratio (SNR) at the
receiving antenna on the earth. As a consequence the data rate is limited to small
values. In scientific missions with a high amount of data needed to be transferred to
the earth, the use of these antennas results in a bottle neck in the data link and
lowers the efficiency of the scientific mission itself.

An increase in SNR at the receiving antenna needs an increase in signal strength
because the noise figure of commercially used receiving antennas on the earth is
already extremely low and cannot be lowered further without major technical effort.
Hence the gain of the transmitting antenna on the satellite has to be increased.

In this contribution the design and simulation of a broadband conformal antenna
concept is presented which yields an average gain of 7.6 dBi over the full sphere
for the antenna on the satellite. The antenna consists of 26 elements which are
located at different positions on the surface of the satellite. By using the knowledge
of the earth's angular position from the satellite's navigation system, the element
pointing best towards the earth is used for the link. Technically this problem is
solved by using a low-loss switching matrix. Slot spirals are used as single
elements. The simulations are carried out using the method of moments / UTD
hybridization of the FEKO software (U. Jakobus.et al., "Recent progress on
moment method / UTD hybridization®, Proc. of the Progress in Electromagnetics
Research Symposium (PIERS), Nantes, p. 459, July 1998).

Using this new antenna there appears to be no limitation in the bandwidth of the
data link due to the transmitting antenna, because the bandwidth of the used slot
spiral can easily be one octave. Besides the large bandwidth, the pure circular
polarisation is a major advantage of the spiral antenna.

A usable data rate of 1.2 Mbit/s having a BER of 10-5 can be achieved using this
switched conformal array antenna with an RF-bandwidth of 2 MHz in S-band.
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Full Wave Analysis of Slotted Elliptic
Waveguides

G. Amendola*, G. Di Massa*, G. Mazzarella™
*Dipartimento di Elettronica, Informatica e Sistemistica, Universita’ della Calabria ,
Rende, Italy. E-mail: amendola@parcolab.unical.it
+Dipartimento di Ingegneria Elettrica ed Elettronica, Universita’ di Cagliari, Piazza
D’Armi, 09123 Cagliari Italy E-mail mazzarella@diee.unica.it

Conformal antennas are an attractive solution in aereospace applications where antenna
systems that cause the smallest possible perturbation to the aereodynamics of the
aircrafts are required. During the years, researchers have studied slot and microstrip
antennas on a number of canonical surface, namely spheres, circular cylinders and
cones. This to give the designers the possibility to choose the surface that better fit the
part of the fuselage of aircrafts where the antenna has to be installed. In this work, the
class of surface analysed up to now is extended by considering a slot cut on an elliptic
waveguide. The elliptic cylindrical system is particularly suited to model surface with
a variable radius of curvature such as wings and tails of aircrafts. The analysis of
the electric characteristics of a slot cut on a conducting elliptic cylindrical surface
has been already presented (Wait, J.R., J. Appl. Phys, vol. 21, no. 4, pp. 458-463,
April 1955) and recently revisited by one of the authors (Amendola, G., ” Application of
Mathieu functions to the analysis of radiators conformal to elliptic cylindrical surfaces”
submitted for publication to Journal of Electromagnetic Waves and Applications) but,
to the best of the knowledge of the authors, the full wave analysis of the slotted elliptic
waveguide has never been presented. In this work a MoM solution, based on the
application of the equivalence principle, will be proposed. The slot is modeled with
equivalent distribution of magnetic currents and the following integral euqation is set

up:

<G, My >+ < GO, M, >=H; (1)
where 5';,, and @;’n are the dyadic magnetic Green’s functions for the waveguide and
the outer region, respectively, M; is the unkown magnetic current on the slot and H; is
incident field in the waveguide. The unknown magnetic currents are expanded in terms
of a suitable set of expansion functions(Amendola, G., see previous reference) and then
the integral equation is solved with the application of a Galerkin procedure. As results,
the slot scattering matrix, equivalent circuit and current distribution can be computed
as functions of the slot position and of eccentricity of the section of the waveguide.
Furthermore the extension to the case of a thick slot, modeled as an elliptic-cylindrical
sectorial cavity, will be discussed.
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Comparative Analysis of the Variational PDE and Born-Type Integral
Equation Approaches for Optical Diffusion Tomography

J. C. Ye and K. J. Webb
{jong,webb}@ecn.purdué.edu
School of Electrical and Computer Engineering
Purdue University, W. Lafayette, IN 47907

Optical diffusion imaging in highly scattering media such as tissue, as an alter-
native to X-ray tomography, presents significantly lower health risk, and also has
successfully demonstrated its potential in biomedical applications. The frequency do-
main diffusion equation used as a forward model is mathematically equivalent to the
scalar lossy Helmholtz wave equation.

Historically, two seemingly different perturbation approaches have been used for
Newton-Raphson type inversion of the absorption and scattering properties of a
medium from frequency domain measured data: a variational partial differential equa-
tion approach (H. Jiang and et al.,J. Opt. Soc. Am., A, 253-266, Feb. 1996) and
an integral equation approach based on a Born approximation (Y. Yao and et al., J.
Opt. Soc. Am., A, 326-342, Jan. 1997).

In this work, it will be shown that the two approaches are equivalent when the
same basis functions are used for discretization. To show this we first obtain the
variational functional for the diffusion equation,

[ D)V o, ) - V() + (alr) = Geo ) iy V()]
= [sewrinydr, ()

where ¢ is the speed of light in the medium, D(r) denotes the diffusion constant given
by D(r) = 1/3(pa(r) + 1£.(r)), pta(r) the absorption coefficient, p’(r) is the reduced
scattering coefficient, and V' is the testing function. Then, we show that the Fréchet
derivative of @(7; pa, i) With respect to po(r) and gl (r) satisfies a variational form
similar to (1). Finally, we will show that the weak solution due to the variational
form for the Fréchet derivative is equivalent to the integral equation based on the
Born approximation, hence proving the equivalence of the two approaches.
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Investigation of the K-Pulse Concept as Applied to
Dielectric Coated Conducting Targets

Goniil Turhan-Sayan(*) and Mustafa Kuzuodu

Middle East Technical University, Dept. of Electrical and Electronics Eng.,and
TUBITAK-BILTEN (Information Technologies and Electronics Research Inst. of
the Turkish Scientific and Technical Research Council), Ankara, TURKEY

David L.Moffatt
Professor Emeritus, The Ohio State University, ElectroScience Lab.,
' 43210 Columbus, Ohio, USA

Since the introduction of the “Kill pulse”concept by E. M. Kennaugh in
early 8®, a considerable number of papers have been published on the
applications of natural-response annihilation techniques in electromagnetic
target identification. Considering the fact that many targets of practical
importance (such as aircraft, missiles, ship, tanks, etc.) are basically made of
conducting materials, the majority of these studies have been concentrated on
the problems concerning perfectly conducting scatterers. Depending upon the
target geometry, these conductors may behave either as a high-Q target (e.g.
a straight thin conducting wire) or as a low-Q target (e.g. a conductor sphere)
or behave somewhere in between. So far, different signal shaping techniques
have been demonstrated to synthesize specially tailored pulse waveforms for
various target geometries with the basic requirement that the Laplace
transform zeros of a synthesized Kill pulse (or, K-pulse as also called) must
coincide with the target system poles within a specified operational
bandwidth. As discussed by Kennaugh, this requirement is eguivalent to the
annihilation of the targe natural resonances in response to K-pulse excitation
at all possible aspects and polarizations.

The purpose of this paper is to extend the applications of the K-pulse
concept to dielectric scatterers and to dielectric coated conductors, in
particular. The genetic algorithm techniques as well as the conventional
optimization algorithms will be implemented for K-pulse synthesis. Also, the
target poles will be estimated from the synthesized K-pulse waveforms. The
effects of a dielectric coating on the natural resonances of a target will be
studied using conducting spheres, dielectric spheres and dielectric coated
conducting spheres as canonical targets. The pole loci as a function of coating
permittivity and coating layer thickness will also be investigated.
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ELECTROMAGNETIC SOURCE IMAGING
USING SUPERLUMINAL CYLINDRICAL MODES

Michael A. Morgan
ECE Department, Naval Postgraduate School
833 Dyer Road, Monterey, CA 93943-5121

Far-field performance for antennas or scatterers may be predicted
through measurement of localized sources of radiated power on the
structure. However, invasive measurements using current or field
probes are likely to perturb the quantities being sought. An
alternative to near-field probing is to “back-propagate” measurements
made from sufficiently large distances that the parameters of interest
are not strongly influenced. Such inverse scattering approaches have
been wrought with mathematical instabilities.  Furtherthe half-
wavelength diffraction limit provides reduced spatial resolution in
defining localized sources based upon measurements made at far-field
distances.

Recent discoveries employing supersonic modes to enhance acoustic
imaging on cylindrical shells(E. G. Williams, J. Acoust. Soc. Am. 97
(1) Jan. 1995, 121-127) is translated into the realm of
electromagnetics. Equivalent relationships are derived, using a k-
space spectral decomposition, which relate field components between
near-field and far-field locations. It is shown that onlysuperluminal
modes, which satisfy k,| < k and have faster-than-light axial
propagation velocity, provide time-average radiated power. Examples
are given to demonstrate enhanced image resolution of radiated power
sources using superluminal mode back-propagation.
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Inverse Scattering from Electrically Large Regions via a
Hybrid Linear-Nonlinear Algorithm

*B. Rao and L. Carin
Department of Electrical and Computer Engineering
Duke University
Box 90291
Durham, NC 27708-0291

In this paper we present an efficient andaccurate technique for performing
inverse scattering from electrically large regions (10x 10 square wavelengths, or
larger). This is performed via a two-step process. In the first phase, a linearlized
(iterative Born or distorted Born) algorithm is used to obtain an approximation to
the profile to be inverted. Such that electrically large regions can be treated
efficiently and accurately, the forward solver for this portion of the inversion isa
Gaussian-beam forward propagator. The Gaussian-beam solution can be
implemented quite. efficiently, devoid of the shadow-boundary and caustic
artifacts that undermine a ray-based forward solver. The use of such alinearized
inversion scheme limits the electrical contrast that can be inverted. We therefore
use the results of the linearlized algorithm as an initial guess for a non-linear (cost
function) inversion. Such that the electrically large problems of interest here can
be modeled efficiently, we employ the method of moments ¥1oM) as a forward
model for the non-linear inversion, evaluated efficiently via the conjugate-
gradient FFT (CG-FFT) scheme. The advantages of this approach are as follows.
While the Gaussian beams provide a highly efficient forward solver (much faster
than the CG-FFT), the beams are only appropriate for smooth profiles, implying
locally weak inhomogeneities. The relatively weakinhomogeneity hypothesis is
also relevant for the linearized inversion. A non-linear inversion overcomes these
deficiencies, but the accuracy of such is generally a strong function of the initial
guess (for the inhomogeneity profile). Here we therefore utilize the linearized
Gaussian-beam solution to provide a good (but smooth) initial guess for the non-
linear inversion algorithm, the latter yielding a final inversion profile that is not as
restricted to being smooth or weak.

In this talk, we begin by demonstrating the accuracy and efficiency of the
linearized Gaussian-beam inversion, for electrically large regions characterized by
relatively smooth and weak inhomogeneities. We then present several examples
in which the linearized solution is used as an initial guess for the non-linear
algorithm, the latter employing a CG-FFT forward solver. We demonstrate that
this approach is applicable to relatively large dielectric inhomogeneities, for
problem sizes that encompass many square wavelengths.
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FINITE ELEMENT METHOD APPLIED TO
INHOMOGENEOUSLY LOADED
TAPERED PROFILE MONOCONE ANTENNAS

Michael A. Morgan
ECE Department, Naval Postgraduate School
833 Dyer Road, Monterey, CA 93943-5121

A finite element algorithm is described for analysis of dielectrically
loaded wideband monocone antennas having low-profile contoured
surfaces for use on helicopters and fixed wing aircraft. The coupled
azimuthal potential formulation (Morgan, [EEE Trans. Antennas
Propagat, AP-36 , 1735-1743) is used to represent the field solution
within the local region of the antenna structure, which may include
inhomogeneous dielectric material.  Dielectric loading is used to
facilitate wideband impedance matching for an antenna structure
which would be electrically small in free space. Trade-off between
antenna performance over a selected frequency range and constraints
in size and external profile shape is addressed.

Elements: 1095
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Analysis and Design of Large Antenna Arrays Using Multi-Grid
FDTD and Floquet Boundary Condition

Zhenggqing Yun, Magdy F. Iskander* Mikel J White
Electrical Engineering Department Microwave Division
University of Utah Raytheon/TI

The Finite-Difference Time-Domain (FDTD) method has been widely used in
countless engineering applications. Recently there has been increasing interest in
using FDTD in simulation, analysis, and characterization of periodic structures (P.
Harms, R. Mittra and W. L. Ko, IEEE Trans. AP, 9, 1317-1324, 1994). Varying
procedures have been proposed to implement the Floquet boundary condition in
FDTD, and results for analyzing frequency selective surfaces and phased array
antennas have been presented (G. Turner and C. Christodoulou, /EEE Symp. Dig.,
1020-1023, 1998). In this paper we describe the implementation of the sine and
cosine excitation function sources and the utilization of the Floquet boundary
condition in the multi-grid FDTD code developed by our group (M. White, M. F.
Iskander and Z. Huang, IEEE Trans. AP, 10, 1512-1517, 1997). Specifically, fields
outside the periodical cell were determined using the phasor E- and H-field
expressions at a symmetrically located FDTD cell within the periodical cell,
together with the phase shift from the Floquet boundary condition. The new code
was used to analyze the radiation characteristics and the input impedance values
of a large antenna array taking into account the mutual coupling effects.

Numerical results illustrating the validity and accuracy of the developed code will
be presented. Specifically, the radiation patterns of a 5 x 5 rectangular and a
triangular antenna array were calculated and results were compared with available
data obtained using FDTD only. In the triangle array geometries, equivalent
rectangular geometries were developed and used in the FDTD analysis. It is also
shown that while the implementation of the Floquet boundary condition in a
regular FDTD code may provide sufficiently accurate results for an array of
simple antennas, it is necessary to use the multi-grid FDTD code in analyzing
antennas with complex feed structures.
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FDTD Analysis of the Wide Band Feedline Network for MMW
Antenna Array Applicaﬁons

Linping Shen, Chen Wu*, Keli Wu** and John Litva*
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Abstract

A wide band feedline network based on wilkinson power dividers and the
transition between input/element and the feed line is analyzed by the extended
Finite Difference Time Domain(FDTD) method, which is used with a newly
developed fast-speed scheme for implementing the non-ideal passive and active
lumped elements. In this paper we present the analysis results and their
experimental investigation of 1-2/4/32 feedline networks operating in the
millimeter wave (MMW) band. Some design results were also verified by
commercial CAD tools.

Summary

The endfire Linearly Tapered Slot Antenna(LTSA)(Chen Wu, Linping Shen,
IEEE AP-S, 1998) has been widely used in many communication systems because
of its wide band characteristics. In order to achieve high performance such as
high gain, wide band and low sidelobe in MMW bands it is necessary to feed the
LSTA by low loss feed lines. A wide band feedline network based on wilkinson
power dividers and the transition between input/element and the feed line is
analyzed by the extended Finite Difference time Domain(FDTD), which is used
with a newly developed fast-speed scheme for implementing the non-ideal
passive and active lumped elements.

The wide band feedline network consists of unequal-ratio wilkinson power
dividers of an Inverted Microstrip Line(IML) and/or a suspended microstrip
line(SML), the transition of input waveguide-to-IML/SML, and the coupling
between IML/SML and array element. To obtain low sidelobe of antenna the
output of the feedline network should be a cosine amplitude distribution.
Because of usage of full wave analysis, considering the coupling between the
feed lines and resistors, the new proposed feeding network has the advantage
compared with the results designed by commercial tools.
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ABSTRACT. A printed dipole antenna is modeled with HP HFSS, that stands for High
Frequency Structure Simulator. HP-HFSS is a full wave electromagnetic simulator that
uses the Finite Element Method. This tool provides a sophisticated CAD environment for
the generation of the antenna geometry, and for the graphical display of output parameters
such as input impedance and radiation patterns. In addition, HP-HFSS possesses adaptive
mesh refinement features, that can adjust the mesh size locally, providing faster solutions
and more accurate results. The measurement set-up consists of an HP-8720D vector
network analyzer used for both input impedance and radiation pattern measurements, an
antenna positioner, an IEEE 488 angular positioner controller, and a PC running a 944
Digital Pattern Recorder software (DPR). In order to increase the measurement dynamic
range, WR90 waveguides are used to connect the dipole antenna to the network analyzer
input port. The printed dipole and integrated microstrip balun arrangement are similar to
the ones reported in ( G. S. Hilton, C. J. Railton, G. J. Ball, A. L. Hume and M. Dean,
Ninth Int. Conf. on Antennas and Propagation, Eindhoven, Netherlands, vol. 1, pp. 72-75,
April 1995) and ( B. Edward and D. Rees, Microwave Journal, pp. 339-344, May 1987).
This antenna is printed on a duroid substrate using photo-etching techniques. The
emphasis in this paper is given to the design process using HP-HFSS, where the antenna
performance can be predicted accurately. The resulting antenna dimensional parameters
are described in detail. The design frequency is 10 GHz. Both input impedance and
radiation patterns are predicted with HP-HFSS and are compared to measured data. The
input impedance is measured over a wide range of frequencies. The dipole is mounted on
a circular ground plane for the far field radiation pattern measurements, which are
performed at 10 GHz. Since the dipole is mounted on a finite ground plane, a scalloping,
caused by edge diffraction, is present in the antenna pattern. The discrepancies between
measured and predicted pattern data are discussed.
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Abstract

This paper presents a solution for the input impedance of an annular slot on an
infinite ground plane placed in free space. The input impedance is determined by using
an appropriate Magnetic Field Integral Equation (MFIE) obtained by using the following
potential expressions:

where,
Fand ¢ are the electric vector potential and magnetic scalar potential

respectively. G(r,r’) = e_jﬁ% is the free space Green’ function where B =2m/A, M is

the magnetic current density, q, is the magnetic charge density and S is the surface of the
annular slot.

The magnetic current density and Green’ function are expanded via Fourier
series and the coefficients determined via the principle of orthogonality. The Fourier
series expressions for the current density and Greend functions are then used in the
differential-integral equation to determine the magnetic field. The boundary conditions
are enforced for the magnetic field on the surface of the annular slot where the magnetic
field is zero except for the magnetic field across the delta gap generator and the current
coefficients are solved for numerically using this equivalency.

The far-field radiation pattern of an annular slot has been determined numerically
for various widths of slots having variable electrical radii. The results are compared with
those for loop antennas (J.E. Storer, AIEE Trans, Vol. 75, 1956) through Booker’
relationship.
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Resonant Frequency and Q-Factor Computation
For Multi-Region Dielectric Resonator Antenna Structures

F. Chen, A. W. Glisson*, and A. A. Kishk
Department of Electrical Engineering
University of Mississippi
University, MS 38677

The dielectric resonator antenna (DRA) radiating element has been the subject
of considerable interest recently due to its small size, high efficiency, and ability to
perform multiple antenna tasks via simple mode coupling mechanisms. DRA
elements also tend to possess relatively wideband behavior. One possible approach
to further increasing the bandwidth capability of such elements is to stack different
dielectric materials in much the same way that microstrip antenna bandwidth can
be increased by stacking elements. DRA elements may be “stacked” in various
configurations including vertical stacking, radial stacking, or other combinations.
In this work we investigate the behavior of the resonant frequency and Q-factor of
multi-region dielectric antenna structures as geometric and constitutive parameters
of the different regions are varied.

The analysis is performed assuming that the DRA elements are rotationally
symmetric so that a body of revolution model may be employed for reasonably
rapid location of the complex-plane resonant frequencies of the source-free
resonator. The equivalence principle is employed to obtain a set of coupled surface
integral equations and the PMCHW integral equation form is used for modeling
dielectric interfaces. The method of moments is then applied to obtain system of
homogeneous equations and the natural frequencies of the multi-region DRA are
found by searching for the frequencies in the complex frequency plane at which the
determinant of the moment matrix vanishes. Computed resonant frequencies and
radiation Q-factors are presented and discussed for several modes, including
hybrid-type modes, for rotationally symmetric, multi-region DRA’s. Computation
of the resonant frequency of a DRA configuration is a prerequisite for the
determination of the field structure within the DRA, from which one can determine
appropriate feed methods for the antenna. Thus, this work represents a step
toward the design of DRA’s comprising multiple dielectric regions to increase
bandwidth, control radiation patterns, and to reduce or enhance muitiple mode
operation as desired.
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An antenna is-a structure that converts signals between circuits and propa-
gation environments. It is a two port device with one port interfacing the cir-
cuits and the other interfacing the propagation environment. As a result,
antenna is described with both circuit and field quantities. For circuit
designers, an antenna is a load device. One of the most important perfor-
mance characteristics for antennas on portable devices is the antenna
impedance bandwidth, the frequency range over which the antenna input
impedance is within certain limits such as a circle on the Smith Chart.

Many factors including the antenna structure, materials and feeding port
impedance will affect the antenna impedance bandwidth. When character-
izing antennas, it is important to differentiate the apparent or realized
antenna bandwidth vs. intrinsic antenna bandwidth determined by the
antenna quality factor (Q). The intrinsic antenna bandwidth is determined
completely by the radiation capability of an antenna in addition to ohmic
and material losses while the realized or apparent antenna bandwidth will
depend on the impedance matching. The fundamental approach to
enhance the antenna bandwidth performance is to increase the antenna
radiation capability. Building on the intrinsic antenna bandwidth, other
impedance matching techniques can then be employed to broaden the
realized antenna bandwidth. It is therefore important to establish ways to
extract the Q or intrinsic antenna bandwidth information from the measured
or simulated data to facilitate the determination of intrinsic and apparent
antenna bandwidths and thus to characterize antennas by radiation capa-
bility as well as impedance matching capability.

This paper will present a systematic way to characterize the electric
antenna impedance characteristics. Circuit models for electric antennas
will be presented and examples will be provided from both measured and
simulated data. The differences between intrinsic and realized bandwidths
will be discussed for cases where impedance matching structures may or
may not present.
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Transient Analysisof Cylindrical Antennas in Time-Domain with
Non-Harmonious Net Using Polynomial Approximation for Potential
Functions
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In this abstract, an analysis of a cylindrical antenna is based on time-domain
analysis. For this purpose, 2 method for determination of current distribution on the
antenna is developed, when the source is ideal voltage generator. First, pdential
functions values along the antenna are obtained, using the method of chaacteristics. For
this analysis, a symmetrical cylindrical antenna with length % and radius  is taken as a
model. The antenna is divided in pieces Az and the analysis is done in time steps At, so
there is a relation between Az and At, Az=vA, (v is the velocity of propagation). Than,
we say that the analysis is in harmonious net.

Using the method of characteristics, the potential functions in selected points along
the antenna are obtained as result of their values in the same points in previous times.
That means that the situation in time¢ can be obtained in base on the situation in time
t-At. The presented procedure enables to determine the values of the potential functions
in selected points in space and time. The current distrbution is approximated with in
parts linear function, and the same in fact, is developed in row of basic functions, and it
is in form -

N-k
i(x)y=Y, ﬁ(x)i(t—|i|At,z+iAz), where the fi(x) value is given. N is the number of
i=k-N
parts on which the antenna arm is divided. Then, the magnetic vector potential and
current distribution along the antenna can be found.

When between the pieces Az and the time steps Az, the relation Az=vA, is not
valid, we say that the analysis is in non-harmonious net. It is clearthat during the
analysis with time step At,, requested values of the potential functions are not known, so
the equations for potential functions could not be used directly. Their requested values
can be obtained using approximative functions for them. Here, we use polynomial

N

approximation, which is in formA(x) =2 p, x'. During this analysis, the current
i=0

distribution is approximated with in parts linear function also.

For illustration of the exactness of presented method, an admittance of the antenna is
obtained, using FFT. Those results are compared with results obtained with another
method. When the results for the admittance are compared it can be concluded that the
relative deviation in most cases is under 5%. Contented accuracy when the antenna
admittance is computed, shows that the presented method for antenna analysis can be
successfully used.
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Application of the FDTD Method in Solving Planar and
Conformal Patch Antenna Problems

P, Shubitidze, "R. Zaridze*, ®D.P. Economou, PD.I. Kaklamani, “N.K. Uzunoglu
() Laboratory of Applied Electrodynamics,
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National Technical University of Athnes, e-mail: deco@esd.ece.ntua.gr

The motivation of the present work has been the investigation of the electromagnetic
properties of antenna elements of planar and conformal array systems, based on microstrip
antennas, by taking into account the radiator shape and various substrate materials . In
designing such systems one has to consider many factors, including input impedance,
electrical performance, power dissipation, testability and manufacturability.

To this end, a three dimensional full wave field technique is needed to cope with increasing
operating frequencies, as well as with structures consisting of conducting and high
dielectric constant substrates materials. In this work, the classic FDTD method is used

Figure 1.a. Planar Radiator Geometry. Figure 1.b. Conformal Radiator Geometry.

(K.S.Yee, IEEE, AP, vol. AP-14, pp.302-307, 1966) to handle planar structures, while the
modified in cylindrical coordinates FDTD method is used to handle curved structures. The
Perfectly Matched Layer absorbing boundary condition is applied in both cases.

In Figure 1.ab the two analyzed patch antennas are illustrated. In both cases, calculations

are made for the electromagnetic properties, such as input impedance, near field and far
field patterns versus frequency as well as various types of excitations. The work to be
presented at the Conference was made in the framework of the development of a conformal
array demonstrator to be used for mobile telecommunications, as well as remote sensing -
radar applications. Results conceming circular antenna radiators and curved antenna

radiators, to compose conformal arrays, as well as comparison of numerical with
experimental data, will also be presented at the Conference.
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