




















































































































































































































































































































































































































































































Design or Low-Cost Multi-Band Squint-Free Phased Array Antenna Using TID 
Subarray Technique 

Reza M. Najafabadi* and Johnson J. H. Wang 
Wang Electro-Opto Corporation 

1335 Capital Circle 
Mariella, GA 30067 

Traditional phased array antennas are narrowband and suffer from beam squint as 
the frequency of operation changes. To overcome the beam squint problem in a 
wideband or multi-band operation, time shifters instead of phase shifters are generally 
employed to achieve true-time-delay (TID) for the array elements. However, TID arrays 
suffer from severe complexity, high cost, and low performance. Therefore, practical TID 
arrays have been limited to those using thesubarray technique. In this paper, it is shown 
that by using the subarray technique we have developed a low-cost squint-free multi-band 
phased array antenna using a smaller number of photonic TID lines. 

In a design for a 32-element linear array, we use 8 subarrays fed with 3-bit time 
shifters for gross scan up to 50° off boresighl. For phase shifters in each element, we 
employ the newly developed 3-bit integrated SMM antenna/phase-shifters (Wang et ai, 
IEEE International Symposium on Phased Arrays and Technology, October 1996). The 
integrated SMM antenna/phase-shifter has a 10: I bandwidth, and is low-profile, 
conformable, and low-cost in production quantities. The phase shifters, in conjunction 
with the time shifters and using a special beam-steering scheme, enable the array to have 
adequate beam coverage over the entire scan volume with adequate crossover between 
adjacent beams. 

Computer simulation of this antenna array shows a practical design that offers 
significant advantages in overcoming the high cost and complexity of TTD arrays, 
including those using the subarray technique. These achievements would have been 
impossible if not for the special SMM antenna/phase-shifters and the specific subarray 
architecture employed. 
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NULL FORMATION BY PHASE-ONLY MODIFICATION IN THE 
PA TTERN OF A LINEAR ARRAY 

Roberto Vescovo 
Dipartimento di EleUrotecnica Elellronica ed Informatica 

Universita' di Trieste 
Via A. Valerio. 10 - 34127 Trieste -Italy 

We examine the problem of modifying the array pattern of a linear array in such 
a way as to form nulls at assigned directions. by modifying only the phases of the 
excitations of the array elements. With reference to a linear uniform array of N+I 
isotropic elements. consider the pauern 

N 
P(ao)(u) = L aOn exp(jnfJdu ). 

n=O 

where ao =(aOI' .... aONf is the column vector of the complex element excitations. 

{J=21fA.-1 with A. the wavelength. d is the distance between two consecutive 
elements. and u = sinO. where 0 is the angle from broadside. A modification ¢n of 

the phase of the nth excitation a On (for every n = I ..... N) yields the excitation 

vector a=[al' .... aNf where an = aOn exp(j¢n)' and the corresponding pattern is 

therefore P(a)(u) = 9!,oOn exp(j¢n) exp(jnfJdu). We want to find a vector 021 = (1/10 • 
.... ¢N) such that: 

(a) 9!n¢n2 = 1102111; = minimum 

(b) P(a)(um) = O. m = I ..... M 

where 1102111£ is the Euclidean norm of 021 and ul' .... uM denote M assigned 
directions (we assume that 2M < N +1). This problem is nonlinear. and should be 
solved iteratively. However. we linearize the problem assuming that the phase 
variations ¢n are small. so that exp(j¢n) :; I +j¢n (note that this assumption is 
consistent with the above condition (a». When imposing condition (b). this 
linearization process leads. after some manipulations. to the matrix equation Uo2I 
= v. where U is a real 2M co(N+1) matrix and v is a real vector of length N+1. The 
problem reduces then to minimize 1102111£ (condition (a» while satisfying the 

condition Uo2I = v. This problem has the solution 021 = U+v, where U+ is the 
generalized inverse matrix of U. This method allowed to achieve quite 
satisfactory results. 
A linearization approach to solve the same problem is proposed also in (H. 
Steyskal, IEEE Trans. Antennas Propagat., 31, 163-166. 1983). However, in the 
latter work the pattern P(ao)(u) to be modified is assumed to be real. In the 
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Amplitude and Phase Adaptive NuUing with a Genetic Algorithm 

You Chung· 
Randy L. Haupt 

University of Nevada 
Department of Electrical Engineering/260 

Reno, NV 89557-0153 
Email:haupt@ee.unr.edu 

702-784-6927 
fax:702-784-6627 

The genetic algorithm has proved to be useful in a wide range of antenna designs. From wire 
antennas to thinned arrays. these algorithms have proven to be powerful alternatives to 
traditional numerical optimizatiori approaches. A genetic algorithm has also proven useful as a 
phase-only adaptive nulling algorithm. This approach resulted in relatively fast placement of 
nulls using only the beam steering phase shifters. 

This presentation takes the results in extends the phase-only adaptive nulling results one step 
further by introducing adjustable amplitude weights as well. The added amplitude weight could 
be in the form of an attenuator but could also be implemented in the software of a digital 
beam forming antenna array. In the examples presented. we use a continuous parameter genetic 
algorithm rather than the traditional binary form of the algorithm. Both phase shifters and 
attenuators take away power from the main beam of the antenna. Therefore. it is imperative to 
limit the range of amplitude and phase values for placing the nulls. This inherent main beam 
constraint will be explained and outlined in the talk. 

We present results of convergence speed of the algorithm. signal to noise ratios. and null depths 
for linear arrays of various sizes. The use of amplitude weights as well as phase weights in the 
adaptation process overcomes some of the series detrimental side effects of phase-only nulling. 
such as placing a null in quantization lobes and at symmetric locations about the main beam. 
Convergence speed of this algorithm is far superior to random searches and gradient approaches. 
Results between phase and amplitUde and phase-only nulling are compared. In addition. these 
results are compared with those from random search and gradient methods. 
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ADAPTIVE UNEQUALLY SPACED PHASED ARRAYS 

Srikanth Nagraj, Sheeyun Park and Tapan K. Sarkar 
Department of Electrical and Computer Engineering 
Syracuse University, Syracuse; New York 13244-1240 

ABSTRACT I The objective of the presentation is to 
illustrate how to process data in the presence of strong 
jammer and clutter utilizing non-uniformly spaced phased 
arrays. Typically, one can use a circular, hexagonal or 
a cross for more efficient utilization of the aperture. 
The second possibility is that one may be dealing with a 
non planar phased array not by choice but due to 
vibration of the aircraft structure or the sonobuoys 
bobbing up and down in the ocean or a towed phased 
array. In these situations it is desirable to perform 
adaptive processing to enhance the signal in the 
presence of strong clutter and jammers. Conventionally, 
the analysis procedures primarily deal with uniformly 
spaced linear phased arrays and practically nothing is 
available in the published literature on how to perform 
adaptive processing utilizing non-planar and non­
uniformly spaced arrays. The talk will outline a direct 
data domain approach for the extraction of the desired 
signal adaptively in the presence of strong signal and 
clutter. Since it is a least squares approach the 
adaptive procedure provides the best estimate. The 
adaptive process is carried out utilizing the conjugate 
gradient method and hence the it is possible to 
implement the algorithm on a signal processing chip to 
adaptively enhance signals received by a non-uniformly 
spaced array in the presence of strong jammer, clutter 
and thermal noise. In contrast to a covariance based 
approach the direct data domain approach is fast and 
accurate. In addition, for a covariance based 
statistical methods which is the current state of the 
art, it is difficult if not impossible to handle signals 
from non-uniform arrays as it is difficult to form an 
estimate of a uni formly sampled covariance matrix from 
an unequally spaced data sets. Results will be presented 
utilizing a circular, hexagonal and a sinusoidally 
modulated array. 
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One-port, Time Domain Measurement of the Permittivity 

and Pemeability of Materials 

Clifton Courtney • and William Motil 
Voss Scientific 

418 Washington St. SE 
Albuquerque, NM 87108 

(505) 255-4201 
e-mail: vosssci@vosssci.com 

Single port, frequency domain measurements to determine the electrical 
characteristics of a material are often made for liquids or amorphous solids (dirt, biological 
material) that will not maintain a definite shape. Before yielding the desired property, the 
corresponding data reduction procedure requires an assumption of the value of either the 
permittivity or penneability (often one chooses 11, = I). To recover the complete material 

characteristic ( E, ,II, ), a pair of two-port, frequency domain measurements are needed, 

s" and S21' This can involve intricate sample and test cell preparation. This paper 

describes a one-port, time domain measurement technique that can yield the broadband, 
frequency dependent, complex values of permittivity and permeability of a sample material. 
The measurement procedure is accomplished as follows. 

A coaxial line, possibly 
oriented vertically, is depicted in 
the figure. The line is loaded with 
a sample material (Region 2) and 
terminated with a short circuit. A 
signal input terminal is located at 
one end, and a measurement port is 
located between the input terminal 
and the front interface of the 
sample. 

Position of the 

A pulse is introduced at the excitation port and allowed to propagate to the 
interface. The pulse is partially reflected at the sample material interface, and partially 
transmitted. The transmitted portion travels to the end of the line and is reflected by the 
terminating short circuit. This waveform travels back toward the interface and is partially 
transmitted forming the second observed reflection, and partially reflected back toward the 
short circuit. The incident (e""(I)), first reflected (e d(I)) and second reflected (e ,2(1)) 

waveforms are recorded at the measurement port. A formulation of the frequency 
domain parameters s" and S21 for the "virtual" two-port system (the original line and its 

image) is computed from the time domain partial returns. A description of the data 
processing procedure is given, the governing equations are presented, and the associated 
waveforms and resulting material values for an example are presented. 
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Analysis of Sample-to-Wall Gaps In the Electromagnetic Characterization 
of Materials In Rectangular Waveguide Field Applicator Measurements 

Michael J. Havrilla' and Dennis P. Nyquist 

Department of Electrical Engineering 
Michigan State University 

East Lansing. Michigan 48824 

'n rectangular waveguide materials characterization measurements. gaps commonly occur 
between the sample and waveguide walls as a resull of imprecise machining of the sample 
material. These gaps can influence the accuracy of measured constitutive parameters 
because higher order modes are excited. thereby changing the ideal wave impedance and 
interfacial reflection and transmission coefficients. The purpose of this investigation is to 
accommodate these errors under small gap conditions. 

Sample-to-wall gaps are studied by regarding the waveguide as inhomogeneously filled 
in the cross-sectional plane with LSE (left/right gaps) or LSM (bottom/top gaps) propaga­
tion modes supported in the sample/gap region. Resulling characteristic equations for the 
corresponding propagation constants are solved numerically to determine shifts from the 
ideal TEIO propagation conslant of a uniformly filled guide. A modal analysis is used to 
obtain (under small gap conditions) approximate expressions for the wave impedance and 
interfacial reflection and transmission coefficients. This is done by considering a single 
TE,. mode incident upon. and reflected from. the sample and only a single LSE or LSM 
mode inside the sample region. Expressions for the scattering parameters are obtained using 
a wave-processing (or wave matrices) approach. and are found to be 

S =R(I_p
2
) S =P(I-R

2
) • P=e'" 

II '_R2P2 • 21 '_R2p2 

where P is the one way phase delay and attenuation through the sample region. '1 is the 
propagation constant of the lowest order LSE or LSM propagating mode. and I is the 
thickness of the sample. The interfacial reflection and transmission coefficients. Rand T. 
are obtained through continuity of the tangential components of the electric and magnetic 
fields across the interface and by applying an appropriate testing function. resulling in the 
following set of equations 

f d lsrlm( 10 
S e,. x.y)e y (x) 

, +R = T-'-'''-------

f lO 10 
"ds ey (x)e, (x) 

''''"'( ) fdS~elo(x) 
I _ R = T" Z',,/m(X.Y)' 

I f 10 10 - ds e, (x)e, (x) 
ZIO CI 

(LSE/LSM MODE) 

Theoretical and experimental results will be given for materials having both low and high 
permittivities and permeabilities for several gap geometries. These results will be compared 
with other gap models. 
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Error Analysis of the Open-Structure Resonant 
Technique for Measuring Dielectric Properties 

William R. Humbert' 
Air Force Research Lahoratory 
Electromagnetics Technology 
Hanscom AFB, MA. 01731 

Waymond R. Scott, Jr. 
Georgia Institute of TL,<:hnology 

School of Electrical and Computer Engineering 
Atlanta, GA. 30332 

Various errors that may occur in dielectric m(~asurement.s using the open­
structure resonant technique are presenteel. The measurement fixture useel in 
this technique is rotationally symmetric and is shown in the figure helow (eross 
section in p - z plane). The fixture consists of two metallic plates placeel o(}­
posite each other, where each plate has a eenter opening leading to a tubular 
section. In this configuration, the fixture has hoth circular and radial waveg­
uide regions. At the junction of these waveguide regions is the core of the 
resonator. The material or a portion of the mat.erial to he measured is posi­
tioned within the core of the resonator. The resonant frequency and quality 
factor arc melL~ure(1. Using these IlJefL~lIrement.s along with a finite-element 
model of the fixture containing the material uneler test, the relative permit­
tivity and loss tangent of rotationally symmetric mat.erials can he determined. 
The technique hlL~ been successfully used to mefL~ure a wide range of materials 
in both dielectric properties and material geometry. MelL~ured results show 
the technique to he very accurate. 

z t ROTATIONALLY SYMMETRIC 

rrMAT'~ ~D," ,kST 

h, 

(r.---___ ~~---__, 

D, 

D, 

A sensitivity analysis will be presented wldch quantifies the errors lL'iSo­
dated with inaccurate measurements of the critical dimensions, IIr and Dc. 
Also, an investigation of the effect of air gaps on melL~ured results will he 
presented. Finally, rL'sults will be presented which support the treatment of 
the right-angle metallic corner and the open-ended waveguide regions in the 
finite-element model. 
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RADIA TED FIELD COUPLING TO SIGNAL CABLES 

Z Pantie-Tanner·, M. Mack. and M. Wilson 
San Francisco State Uni\'ersity 

San Francisco. CA 94132 
(zpt@sfsu.edu) 

M. Salazar-Palma 
Silicon Graphics 
Mountain View. CA 94039 

Polytechnic University of Madrid 
Madrid. Spain 28040 

Electric and magnetic fields produced by electrostatic discharge. sparking. 
RF transmillers. and other sources. can cause significant susceptibility problems 
in computer. airline or automotive industry. and in sensitive electronics 
equipment. One of the main mechanisms of coupling is through signal and power 
cables that act as pick up probes. Coupling of electromagnetic fields to parallel 
wire transmission lines has been studied by a number of authors both in the 
frequency and in the time domain (C. R. Paul. EMC-18. 183-190. 1976; A. K. 
Agrawal et al.. EMC-22. 119-129. 1980; E. S.M. Mok. and G. I. Costache. Proc. 
IEEE Int. Sym. on EMC. 80-84. 1990; P. Naylor and C. Christopoulos. Int. J. 
Num. Modelling. 227-240, (990). 

In this paper we revisit the coupling problem from the point of view of the 
emerging susceptibility measurement technique based on a GTEM cell use. 
Equipment under test (EUT) is rotated through three orthogonal positions and the 
corresponding measurement data are taken. In order to relate these data to the 
open area test site (OATS) measurements. the contributions of the portions of the 
signal and power cables that rotate with the EUT as well as those that stay fixed 
have to be evaluated. Accordingly, we examine endfire. sidefire. and broadside 
excitations. A comprehensive study of different mechanisms of coupling of a 
uniform plane EM wave to signal cables. such as twin-pair and twisted pair lines 
is performed. Contributions of the normal magnetic. transverse electric. and 
longitudinal electric fields to the induced voltages at the near and far end of the 
line are evaluated. Three different models are employed for numerical analysis: 
lumped-parameter. distributed-parameter. and antenna model. A lumped 
parameter model. based on L. r. or n configuration. is valid for lower frequencies 
and yields a simple analytical solution that is suitable for estimation purposes. 
For somewhat higher frequencies a cascade of lumped-parameter cells is used to 
more accurately represent resonant behavior of the cable. The effect of the basic 
lumped cell configuration (L. r. or n) on the induced voltages is determined. For 
high frequencies a distributed-parameter model is used; the analysis is performed 
by implementing distributed voltage and current sources into a conventional 
transmission line model. For very high frequencies an antenna model is 
employed; numerical analysis is accomplished by MOM and FEM. Finally. 
actual measurements are performed in a GTEM cell for all three orthogonal 
excitations and the data compared with the obtained numerical results. 
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RAPID DIAGNOSTIC IMAGING APPLICATIONS OF 
ADVANCED MST PROBE ARRA YS 

B. Cown', Ph. Garreau", E. Beaumont"", and 1. Estrada" 

'SATIMO, Inc., Suite E·116, 1318 Chandler Court, Acworth, GA, 30102 USA 
"SATIMO (SARL), "Le Pin", rue de la Terre de Feu, Z. A. de Courtabouef, 91952, Les Ulis, France 

This paper describes applications of probe arrays based on the Advanced Modulated Scattering 
Technique (A-MST) to accomplish rapid diagnostic imaging of I) anechoic chambers, 2) microwave 
antennas, 3) subsurface objects, and 4) penetrable materials. 

The technical feasibility of performing fast diagnostic testing of large ancechoic chambers by 
using A·MST probe arrays in conjunction with the MUSIC imaging algorithm was demonstrated based 
on the outcome of experiments conducted at the compact range/anechoic chamber facility at the Centre 
Nationale de Recherches Spatiales (CNES) in Toulouse. France, under the sponsorship of the U.S. Air 
Force. In particular, a wideband (1.5 GHz·6.0 GHz) linear array of 64 dual·polarized modulated 
scattering probes was installed on the 7·axis positioner located in the quiet zone of the CNES compact 
range reflector, and the complex electric field existing at the location of each of the 64 probes along the 
5.7-foot length of the array was measured in less than 10 milliseconds. A special version of the MUSIC 
code was developed and utili7.ed to obtain high resolution images of the chamber. An Automated Field 
Probe System employing A-MST probe arrays is under development for installation at the Benefield 
Anechoic Facility at Edwards, AFB, California. 

The A-MST probe array described has also been used to perform rapid diagnostic testing of a 
panel of the ERS-2 satellite antenna. (ERS-2 panel furnished courtesy of the European Space Agency and 
the Ericsson Company). The ERS-2 antenna panel is composed of slotted wave guides distributed on a 
surface of I meter wide by I meter high, and it operates in C-band. The requisite near-field (NF) 
measurements were conducted in 15 seconds at the SATIMO NF test facility in Courtabreuf, France. 
FFTs were utilized to perform the back projection onto the aperture plane of the ERS-2 panel. 

A variety of subsurface objects have been successfully imaged in nearly-real time by a 
"Microwave Camera" employing a linear array of 32 dual-polarized modulated scattering probes 
operating over the 0.4 Ghz to 1.2 GH1. frequency range. The range of applications has included water 
channels in snow as well as buried metallic and plastic objects. 

MST probe arrays have been used to perform NF imaging measurements to detect and image 
defects in penetrable microwave composite materials, paper, and wood, and to determine moisture 
content in paper and food products. 

The A-MST probe array measurement systems, measurement protocols, validation results, and 
on-going research and development activities will be presented and discussed at the symposium 
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A Plane-Wave Integral Representation 
for Fields in Reverberation Chambers 

David A. Hill 
Electromagnetic Fields Division 

National Institute of Standards and Technology 
Boulder, CO 80303 

USA 
dhill@boulder.nist.gov 

Reverberation chambers (also called mode-stirred chambers) are experiencing 
increased use for radiated emissions and immunity measurements. They are 
electrically large, multimoded cavities that use either mechanical stirring (P. 
Corona, G. Latmiral, and E. Paolini, IEEE Trans. Eleclromag. Compal., 22, 2-5, 
1980) or frequency stirring (D. Hill, IEEE Trans. Eleclromag. Compal., 36,294-
299, 1994) to create a statistically uniform field. Deterministic and statistical mode 
theories have been used to analyze reverberation chambers, but they are not 
convenient for predicting the response of a reference antenna or a test object in the 
chamber environment. 

The purpose of this paper is to present a plane-wave, integral representation for 
the fields that satisfies Maxwell's equations and also includes the statistical 
properties expected for a well-stirred field. The statistical nature of the fields is 
introduced through the plane-wave coefficients that are taken to be random 
variables with fairly simple statistical properties. The representation uses only 
propagating plane waves (for all real angles); so it is fairly easy to calculate the 
responses of test objects or reference antennas. Ensemble averages can be derived, 
and these averages can be used to predict measured values averaged over stirrer 
position. For positive quantities, such as received power, ensemble (stirrer) 
averages are typically equivalent to averages over plane-wave incidence and 
polarization. Comparisons of calculated and measured responses will be shown for 
several test objects. 

The same integral representation can be used to derive probability density 
functions of several field quantities and antenna and test-object responses. Starting 
with the simple statistical properties of the plane-wave coefficients, the maximum­
entropy method (which yields the least-biased results) is used to derive the 
probability density functions of the electric and magnetic fields and antenna and 
test object responses. The probability density functions are in agreement with 
previous results for field magnitude and received power based on the central limit 
theorem (lG. Kostas and B. Boverie, IEEE Trans. Eleclromag. Compal., 33,366-
370, 1991), but are more general in scope. 
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FIELD DISTRIBUTION IN THE MICROWAVE PROCESSING OF A 
CERAMIC FJBER 

N.D. Terril" and Prof. W.A. Davis 
The Bradley Department of Electrical Engineering 
Virginia Polytechnic Institute and State University 

Blacksburg, VA 24061-0111 

Microwave processing of ceramics can lead to thermal runaway in 
materials having a temperature dependent dielectric constant. Controlled heating 
of the material may be achieved by manipulating !he field to which it is exposed. 
Recent experiments at the Los Alamos National Laboratory observed thermal 
runaway while investigating the heating of a ceramic fiber fed continuously 
through a TE,On mode cavity. Microwave energy was coupled to the cavity from a 
fundamental TE mode waveguide through a rectangular aperture. 

The purpose of this paper is to model the field interaction effects in the 
microwave heating of a ceramic fiber to investigate possible ways of controlling 
thermal runaway. Maxwell's equations for the fields within the cavity will be 
solved, including the interaction of !he fiber and an arbitrarily shaped aperture. We 
will explore any potential distribution effects on the field caused by shaping the 
aperture. The thermal coupling effects due to the temperature dependent dielectric 
constant of the fiber will also be discussed. 

To determine the interaction effect with the fiber and potential runaway 
control, we investigate the interaction of the aperture, fiber, and cavity properties 
in the field solution. The mathematical model consists of a truncated set of TE and 
TM modes related at the aperture and fiber interfaces. The fields are solved at the 
aperture interface using a Green's function type approach. The electric field in the 
aperture is expressed as an independent set of truncated aperture modes found 
from a numerical Green's function formulation. These aperture modes are 
matched to the cavity and incident modes in the vicinity of the aperture. The fiber 
is assumed to be a cylindrical rod with a sufficiently small cross-section, allowing 
us to approximate the tangential electric fields as continuous. The rod is then 
treated as a line source with a current proportional to the equivalent volume 
current density and the cross-sectional area. This equivalent line source is used to 
relate the fields at the fiber interface. The relationship of this work to the parallel 
heat transfer effort will be discussed. 
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CHARGED BEAM EXCITATION AND PULSED RF COUPLING IN THE 
DIELECTRIC WAKEFIELD ACCELERATOR 

M.E. Conde. W.Gai, R.S.Konecny. J.G.Power, P.Schoessow, p. Zou 
Argonne National Laboratory 

Argonne, Illinois 60439 

T. Wong lt 

Illinois Institute of Technology 
Chicago, Illinois 60616 

We report on a novel RF source capable of producing high peak power, 
short duration RF pulses to be used for particle acceleration. An 
acceleration experiment currently underway at the Argonne Wakefield 
Accelerator (AWA) uses an electron beam that is both short in duration (20 
ps FWHM) and high in charge (65 nC) to excite an acceleration compatible 
mode (TM 01) in a dielectric lined, cylindrical waveguide. The RF pulse 
excited by this electron beam is termed a wakefield and is used at the AWA 
to accelerate a second electron beam in either a collinear method or a 
parallel method. In the collinear method, the second electron beam trails 
directly behind the first beam and can either be accelerated or 
decelerated depending on its phase in relation to the RF pulse. In the 
parallel method. the RF pulse is coupled out of the dielectric lined 
waveguide and transported through a metallic rectangular waveguide into a 
second structure specifically designed to optimize the acceleration 
gradient for the second electron beam. 

The parallel method of acceleration is also of interest as a novel 
RF source since once the energy is coupled into the rectangular waveguide 
it can be used for purposes other than particle acceleration. The excited 
RF pulse is magnetically coupled out of the cylindrical dielectric lined 
waveguide through a slot on its sidewall into a metallic rectangular 
waveguide operating in the TE 10 mode. The characteristics of the RF pulse 
generated in the dielectric lined waveguide is controlled through its 
geometry, the dielectric constant of the lining and the structure of the 
electron beam. Analytic calculations showed that this method to be capable 
of producing short RF pulses (1-10 ns) at high peak power (lOMW - IGW) for 
the range of parameters under study. Bench top. CW measurements 
characterizing the coupling between the dielectric lined waveguide and the 
metallic rectangular waveguide using a network analyzer as well as proof 
of principle results using charged particle beam excitation of the high 
power short RF pulse will be presented. 
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BLACKBODY RADIATION FROM A STRATIFIED, 
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Electrical Engineering Department 
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phone 205-348-1761, fax 205-348-6959 

e-mail rscharst.@ualvm.ua.edu 

An engineering model of the blackbody radiation from piecewise homo­
geneous, lossy dielectrics is implemented for the canonical spherical geome­
try. The mean-square electric field external to a three-layered ball (or head 
model) is computed via the usual fluctuat.ion dissipation theorem, in com­
bination with a simplifying use of reciprocity and Poynting's theorem. At a 
fixed, narrow frequency band, the complex dielectric constant and absolute 
temperat.ure of each layer are input parameters, as are the electrical radii 
of the layers. The resultant second-order st.at.istics are given in terms of 
convergent series of spherical wave functions. One advantage of this model 
for a finite body, in contrast to planar stratifications t.hat are necessarily 
of infinite extent, is it.s natural incorporation of realistic proximity effects 
between the distributed source and receiver. 

Two limiting cases are examined and serve as a partial check on the 
accuracy of the calculations. The far field mean-square value, which is 
proportional to the rlUliometric measure of brightness temperature, is com­
pared wit.h published dat.a for a homogeneous sphere. A separate treatment 
of the high loss case, where the dominant diffusive nature of the internal 
fields can be exploited, is expected to agree with the full wave solution in 
some "transistion region" of intermediate loss. This simple geometry serves 
as a model to study such rlUliation and shielding effect.s between the various 
layers of skin, muscle, fat, and bone that may be at different. temperatures 
in a living organism. 
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Using FDTD In the Design or 
Body-Implanted Devices that Radiate Radio-Frequency Energy 

Raymond Luebbers· and Joseph Schuster 
Department of Electrical Engineering 

The Pennsylvania State University 
University Park. PA 16802 

and 
H. Scott. Langdon 

Remcom Inc. 
Calder Square Box 10023 
State College. PA 16805 

Implantable devices such as pacemakers have traditionally been designed for 
input/output of data using very low frequencies. For the pacemaker. re­
programming of the device may be necessary. and stored data relating to cardiac 
events may be communicated to the physician. Other applications include 
implanted drug delivery devices and biological monitoring devices. 

The exterior-interior communication is often accomplished using magnetic coils at 
low frequencies. While this provides basic function. the data rate is very slow. 
Also. the magnetic coil must be placed on the skin while data is being transferred. 
Communication at radio frequencies would allow much higher data rates and 
remote location of the external communication antenna/device. 

Design considerations include the frequency of operation. antenna. and location 
inside the body. The interaction of the antenna with the enclosing biological tissue 
is complicated. Determining an optimum frequency for a given device size and 
location within the body is not straightforward. 

There is an extensive literature on the application of The Finite Difference Time 
Domain (FOTD) method to the determination of Specific Absorption Rate (SAR) 
and antenna radiation characteristics for transmitting devices located external to 
the body. In panlcular. numerous papers have been published on applying FOTD 
to determine SAR levels for cellular phones and other personal communication 
devices. 

However. there has been little published on applying FOTD to implantable devices. 
which is the topic of this paper. In particular. effects of frequency. antenna shape. 
insulation. and location within the body on the input impedance. efficiency. and 
radiation gain patterns will be presented. 
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MODELING OF A NEW GENERATION OF PLANAR APPLICATORS USED FOR 
MEDICAL APPLICATIONS. 

C. VANOVERSCHELDE, V. THOMY, L. DUBOIS, M. CHIVE, J. PRIBETICH*. 
I.E.M.N. - Avenue Poincare - B.P. 69-

59652 VILLENEUVE D'ASCQ CEDEX - FRANCE 

A large number of microwave devices have been designed and tested for medical 
applications (and more particularly hyperthermia). Among these devices, we are interesting since 
more than a decade, in the study of external planar applicators. We present in this paper the 
results concerning the last generation of planar applicators we have developped in order to heat 
large areas. 

The first kind of structure consists of a planar applicator with several parallel patches 
(length 6.25 cm, width 3 mm, spacing between each patch 10 mm). The feeding of the patches is 
obtained by use of coaxial cables through a power divider. We have the possibility to feed in 
phase the different patches either all together or in alternate mode: only the odd patches are fed 
during a short time, then the even patches are fed during the following period and this technique 
is started again. So, it is possible to heat either a large area or to heat preferentially a given zone 
and so, to control the depth and the width of the heated zone. 

The next studied structure is the planar microstrip-microslot applicator : it consists of 
annular aperture (average radius Rm and a width W) opened in the ground plane of a microstrip 
line. Different structures have been realized variing the radius Rm and a width W of the aperture 
and also the length of the microstrip. This applicator will be used to make a adjustable bees' nest 
array in order to heat in depth large tumoral areas of any shape. Both kinds of applicators are 
constructed on a substrate of relative permittivity Er = 4.9 and of thickness h,= 1.58 mm. 

The modeling of the studied structures is based on the Spectral Domain Approach 
(S.D.A.). In fact, this model allows to determine in a short time the dimensions of the applicator 
in order to obtain the expected heating and the S II parameter which gives a good level of 

adaptation of the applicator. Experimental measurements have also been carried out on phantom 
(polyacrylamide gel) models of human tissues: measurement of the return loss (S II parameter). 

determination of the energy distribution and of the thermal mapping. 

The experimental measurements obtained at the heating frequency F = 915 MHz are 
according at the wanted effects. With these new applicators, we observe an increase of the power 
deposition diagram (as compared to previous applicators with a single patch) involving an 
increase of the therapeutic heated zone. 
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Model of Influence Electromagnetic Signal on the 
Oscillator Neural Network 

V.G. Spitsyn, N.V. Spitsyna 
Siberian Phisical and Technical Institute Tomsk State University, 

Revolution square, I, Tomsk, 634050, Russia, 
E-mail: spic@elefot.\su.tomsk.su 

J. Introduction. The purpose of this work is development of a numerical 
model of interaction of electromagnetic signals with oscillator neural 
networks and investigation of the mechanisms this interaction. 

2. Method. The method of stochastic modeling is applied for the solve of 
this task (V.G. Spitsyn, Electromagnetic Waves and Electronic Systems, 2, 
45-49, 1997). Every act interaction of signal with oscillator is 
accompanied by displacement the frequency of signal and of oscillators 
vibrations. The model is suggested, which describe transfer of signals in 
three dimensional oscillator neural network with stochastic connections. 
Every oscillator has possibility connection with all another oscillalors. II 
agrees with Brindly's and Marr's idea (D. Marr, Proc. Roy. Soc. Lond., 
B 176, 161-234, 1970) about chance disposition inter - neural nelworks. The 
process of inleraction of signals with oscillalors, disposed in spherical 
region is investigated. 

3. The results of calculation Interaction electromagnetic signals with 
oscillator neural network. The results of calculaton demonstrate, lhat after 
interaclion of harmonic signal with oscillators, having monochromatic 
speclrum of vibrations, addilional harmonics appear in spectrum of 
oscillalors' vibralions. The amplitude of this harmonics is decreased with 
growth number of aCls inleraclion. 

Influence of harmonic signal on the oscillalor neural network wilh disperse 
of frequency oscillalors' vibralions leads lo decreasing of widlh of frequency 
speclrum of oscillators' vibrations and in the limil to monochromatization its 
form. Therefore we may do the conclusion about then that in process of 
function oscillator neural network with external electromagnetic influence 
the synchronization of oscillators, taking part in process stochastic transfer 
of signals, takes place. 

4.Concluslon. In this work a model interaction of electromagnelic signals 
with oscillator neural network is offered. The results of modeling influence 
of harmonic signal on the oscillator neural network show that decreasing of 
width of frequency spectrum of oscillators' vibrations and 
monochromalizalion its form takes place. 
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Hyperthermia is one of the modalities for cancer treatment, which 
heat the tumor or target cancer cell up to the therapeutic temperature 
(over 42-43 deg. C.) without damaging surrounding normal tissues. In 
the past few decades, combination to another well-established 
modalities such as the radiotherapy or the chemotherapy have been 
successfully studied from both sides of the medicine and the 
engineering. 

The authors have been studying on the coaxial-slot antenna for 
interstitial microwave hyperthermia. This antenna is designed for the 
regional heating of large-volumed and deep-seated tumors that can not 
be controlled by another cancer treatment only. The antenna is 
consisted of a very thin semi-rigid coaxial cable which outer diameter is 
approximately 1 mm, to reduce the burden on the patient under 
treatment. The tip of the cable is short-circuited and several numbers 
of ring slots are cut on the outer conductor. Changing the number and 
location of these slots can vary the heating patterns of the antenna. 
The antenna is embedded into the catheter, a thin plastic tube for 
medical safety, and is usually applied as an array applicator inserting 
several antennas into the tumor. 

So far the authors have revealed the characteristics of the antenna 
and the array applicator fed coherently from single power generator 
through power divider. In this paper, to obtain more uniform and 
enlarged heating region, the incoherent power feeding from multiple 
power generators to the array elements is examined by both 
experimental and theoretical studies. The comparison of the incoherent 
operation with the coherent one will be made in the SAR (Specific 
Absorption Rate) and the simulated temperature distributions inside 
the human body. 
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Analysis of Truncated Periodic Array Using 
Two-Stage Wavelet-Packet Transforms for 

Impedance Matrix Compression 

Y. Shifman, Z. Baharav and Y. Leviatan 
Department of Electrical Engineering 

Technion - Israel Institute of Technology 
Hai fa 32000, Israel. . 

e-mail: leviatan@ee.technion.ac.il 

A novel method of moments procedure is applied to the problem of scat­
tering by metallic truncated periodic arrays. In such problems, the induced 
current shows localized behavior within the unit cell and at the same time 
exhibits cell-to-cell periodicity. In order to select a set of expansion functions 
that may account for such a behavior, a two-stage basis transformation has 
been applied to a pulse basis which is used for expanding the current over the 
scatterer. At the first stage of this transformation, the pulse functions within 
each of the unit cells are independently transformed to an ordinary wavelet ba­
sis. Respective wavelet functions belonging to different unit cells are, in turn, 
grouped together and re-transformed to reveal the periodicity of their coef­
ficients. The desirable expansion functions are then iteratively selected from 
this newly constructed basis to form a compressed impedance matrix, via the 
IMC method (Z. Baharav and Y. Leviatan, "Impedance Matrix Compression 
with the Use of Wavelet Expansions", Microwave and Optical Technology Let­
ters, Vol. 12, No.3, pp. 268-272, August 1996; Z. Baharav and Y. Leviatan, 
"Impedance matrix compression (IMC) using iteratively selected wavelet basis 
for MFIE formulations", Microwave and Optical Technology Letters, Vol. 12, 
No.3, pp. 145-150, June 1996). 

The new approach has been successfully applied to the problem of TM 
two-dimensional scattering by a truncated periodic array of conducting strips. 
The compression ratios obtained in this manner are higher than those achieved 
using a basis constructed via an ordinary single-stage wavelet transform. An 
even higher compression is attained by considering, in addition, functions that 
reveal array-end related features and iteratively selecting the expansion from 
an overcomplete dictionary. The advantages of using this overcomplete dictio­
nary of wavelet-packet expansion functions are demonstrated as well. 
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Impedance Matrices Generated by Discrete Wavelet 
Transformations with Semi-Orthogonal Wavelets, 

Richard E. Miller' and Robert D. Nevels 
Department of Electrical Engineering 

Texas A&M University 
College Station, Texas 77843-3128 

It has previously been shown that by using wavelets as the basis set for the 
moment method solution of electromagnetic integral equations, the moment 
impedance matrix can be made more sparse than it is with the classical pulse 
basis. Sparsity of the wavelet impedance matrix is obtained by selecting an error 
criterion whereby any elements below a fixed threshold are set to zero. The 
majority of previous research has focused on orthogonal wavelet sets and the 
semi-orthogonal spline wavelet. In this paper, it will be shown that the dual semi­
orthogonal wavelet yields a remarkably sparse moment impedance matrix. 

The moment method matrix equation is given by 
Zi=v (I) 

where Z is the pulse impedance matrix, I is the unknown current vector and v is 
the source vector. The wavelet impedance matrix is generated by the Discrete 
Wavelet Transform (DWT) which can be incorporated into (I), giving 

TZTT (TT )"11 = Tv (2) 

where T is the wavelet transformation matrix and T is the transpose operator. The 
semi-orthogonal wavelet transform matrix is not an orthogonal matrix, T-1 "# TT, 
therefore, the solution vector I is not found by performing an inverse DWT. 
Instead the transpose of the wavelet transformation matrix is used, which gives 

I = TT (TZTT)"I Tv (3) 

This becomes important for semi-orthogonal wavelets, since the reconstruction 
and decomposition sequences have different lengths, as opposed to orthogonal 
wavelets that have equal length sequences. The use of short sequences decreases 
the numerical execution time. The semi-orthogonal wavelet has an infinite set of 
decomposition coefficients and a finite set of reconstruction coefficients. The dual 
semi-orthogonal wavelet uses the finite set of coefficients for decomposition and 
the infinite set of coefficients for reconstruction. 

As given in equation (3), if the DWT is used with the dual semi-orthogonal 
wavelet, only the finite coefficient set is needed. The impedance matrices 
generated for plane wave excitation of a two-dimensional finite width nat plate 
scaUerer by the semi-orthogonal wavelet, dual semi-orthogonal wavelet and 
orthogonal wavelet will be compared. 
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MEMS TECHNOLOGIES fOR LOW POWER RADIO-ON-A-CHIP 

Albert P. Pisano 
MEMS Program Manager, DARPNETO 

Arlinglon, VA 22203-1714, U.S.A. 

Beginning wilh a brief review of MEMS fabricalion lechnologies, lhis lalk will show 
how MEMS may replace nol only discrele passive componenls of radios, bUl also 
complele sub-circuils. In so doing, the radio designer may achieve performance 
improvemenl, power reduclion, and weighl reduclion all simullaneously. Combined wilh 
recenl resulls from the microwave analog fronl-end lechnology program (MAfET) and 
wilh inlegraled, low-power, non-volalile dala slorage, MEMS lechnology is poised lO 
revolulionize RF communicalion as well as lelemelry syslems. 
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MICROMACHINING TECHNIQUES FOR HIGH-FREQUENCY CIRCUITS 

Linda P. B. Katehi, Gabriel M. Rebeiz 
Department of Electrical Engineering and Computer Science 

The University of Michigan, Ann Arbor, MI48109-2122, U.S.A. 

High frequency applications impose very strict requirements on circuit performance 
including low loss, low dispersion and negligible parasitics. Presented herein are 
micromachining approaches that offer nexibility to the design of circuits and antennas 
by allowing for on-wafer packaging and locally reduced substrate thickness to achieve 
excellent electrical performance. The fabrication of these circuits is based on 
conventional Si/GaAsllnP fabrication techniques and, as such, they preserve their 
monolithic character while at the same time allowing for high density and three­
dimensional integration. 

Micromachined high-frequency circuits with integrated packaging offer light weight 
and controllable parasitics, which makes them appropriate for hand-held communication 
systems and miniature intelligent millimeter-wave sensors where system requirements 
impose strict limits on electrical performance. Recent advances in semiconductor 
processing techniques allow for integration in all of the directions of the three 
dimensional space. The capability to incol]lorate one more dimension, and a few more 
parameters, in the circuit design,leads to revolutionary shapes and integration schemes. 
These circuit topologies have reduced ohmic loss and are free of parasitic radiation or 
parasitic cavity resonances without losing their monolithic character. Integration 
capabilities are thereby extended and performance is optimized. The evolution of 
micromachined circuits and antennas for operation at microwave and millimeter-wave 
frequencies is still in its infancy. However, presented here is a descriptionof recent 
accomplishments in this area, with emphasis on the effort performed at the University 
of Michigan. There are two techniques which have shown promise for use, and which 
extensively use micromachining to realize novel circuits. The first utilized dielectric 
membranes to support transmission line and antenna configurations and emphasizes 
optimization of circuit performance. The second technique introduces new concepts in 
packaging such as adaptive or conformal packaging and, in addition to improvement in 
performance, it emphasizes size/volume/cost reduction. The merits of each approach, in 
relation to electrical performance, fabrication, and compatibility, will be presented, and 
the impact of the newborn technologies to the stare of the art will be discussed. 
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Study of High Frequency Circuits on 
Micromachined Reconfigured Substrates 

Rhonda Franklin Drayton- and Jlanpel Wang 
Electromagnetics Laboratory and Microfabrication Laboratory 

EECS Department 
University of illinois at Chicago 

Chicago. IL 60607 

At microwave frequencies and above. the challenge to develop high perfor­
mance planar circuits with very low loss demands the exploration of diverse fabri­
cation technologies. Micromachining offers tremendous enhancement to standard 
MMIC design and fabrication techniques. The incorporation of micromachining 
with MMIC fabrication techniques has produced a tremendous number of flexible 
solutions in both high frequency circuit and antenna designs. For example. novel 
monolithic self-packages. developed for planar transmission lines. offer superior 
isolation between circuits in high density packaging environments. Additionally. 
significant performance improvements have been achieved for planar microstrip 
antennas in large (£,;=11.7 or 12.9) index environments that result in performance 

that is comparable to similar designs on low-index substrates. 

Research to date mainly relies on the use of Si micromachining to selectively 
reconfigure specific regions of a semiconductor substrate. This is done to achieve a 
desired mechanical configuration that improves and in some cases optimizes the 
electrical performance of a planar circuit or antenna design. In the packaging case. 
cavities are etched above and below a transmission line; whereas in the antenna! 
circuit case. material is partially or completely removed in a specified region. 
Despite the past advancements. basic circuit components have not been evaluated 
for high frequency designs based on reconfigured substrates. 

This paper will evaluate the performance of several passive circuit compo­
nents as well as fundamental circuit elements that have been developed on micro­
machined reconfigured substrates. These reconfigured substrates will consist of 
either mixed thickness or mixed dielectric constants regions and will be used to 
evaluate basic circuit elements commonly required to develop high frequency pla­
nar circuit components. The presentation will briefly highlight the fabrication and 
design methodology. as well as the measurement and characterization techniques 
used to evaluate circuit performance. The electrical and electromagntic wave prop­
erties of the designs will be evaluated and compared to traditional planar lines on 
regular "non-etched" substrates. 

250 



An Efficient Field Solver for Micro-electromechanical Systems (MEMS) 

Vladimir Veremey and Raj MiUra 
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Pennsylvania State University. 319 Electrical Engineering East 
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The modeling of micro-electromechanical systems. or MEMS. is an important 
problem that requires the coupling of several disciplines to simulate the forces generated 
by a variety of mechanisms. including electrical and mechanical types. An example of 
such a structure is a comb drive which experiences a deformation when a positive 
potential is applied on the drive structure. 

In this paper we concentrate on the problem of efficient solution of electrostatic 
fields in complex three-dimensional structures. The knowledge of these fields enables us 
to predict the electrostatic forces and to estimate the mechanical deformation of tbe 
structure. 

The field solver discussed in tbis paper is based on the well-know Finite 
Difference (FD) method. It has many salutary features. including the ability 10 handle 
arbitrary geometrics and inhomogeneous structures with relative ease. and it generates 
sparse matrices that can be solved efficiently via iterative lechniques. One drawback of 
tbe finite methods is Ihe need to truncate the mesh accurately and efficiently. In this paper 
we devise a novel technique for mesh truncation that utilizes a combination of the 
Berenger Perfectly Matched Layer (PML) concept generalized to the static case. coupled 
with an impedance boundary condition. The method employs dielectric layers witb 
anisotropic properties to reduce the influence of mesh truncation on tbe computation of 
the capacitance matrix of interconnect configurations. In addition. at points near the 
boundary. we replace the conventional FD equations with those based on the premise that 
the potential decreases in an exponential fashion in the asymptotic region as we recede 
away from the structure in the direction of the boundary. 

To further enhance the efficiency of the field computation using the FDIPML 
approach. we introduce a two-step mesb refinement procedure. As a first step. we we 
compute the electric potential at the nodes of a coarse grid. used to discretize the 
computational domain that includes the PMLs. Next. we recalculate the electric potential 
at the nodes of the refined grid. whose cell size is smaller by a factor of 2 (or more) as 
compared to that of the coarse grid. The computational domain for the refined calculation 
includes only the points in the close vicinity of the structure. The initial values of the 
potential at the grid points on the FD boundary are calculated by using a spline 
interpolation of the results obtained in the first step. 

The above technique has been applied to the field computation problem in a 
number of complex structures to validate the accuracy of the method and demonstrate its 
numerical efficiency. 

/IIustrative numerical examples will be included in the presentation of the paper. 

251 



SUBMILLIMETER CYLINDRICAL FILTERS AND ANTENNAS 
FABRICATED WITH CYLINDRICAL LlGA 

A. D. Feinennan 
Microfabrication Applications Laboratory. Dept. of EECS 

University of Illinois at Chicago. U.S.A. 

Y. W. Kang and D. C. Mancini 
Advanced Photon Source. Argonne National Laboratory. U.S.A. 

An x-ray lithography lathe has been developed that can pattern cylindrical. ellipsoidal. 
and other non-planar objects. This lathe is capable of patterning on a micron scale a wide 
variety of shapes including shapes impossible to achieve with a conventional lathe. This 
lathe allows the creation of a variety of high frequency one and two conductor filters and 
antennas. 

Using this technique. we have investigated coaxial and cylindrical waveguide filters 
and antennas for millimeter frequencies. An R-band filter being implemented has a one­
millimeter center conductor surrounded by a cOn1lgatcd metal shell that ranges from four 
to two millimeters in diameter. COn1lgations are 0.2 mm wide with a 2.2 mm period. 
HFSS modeling of this filter predicts good perfonnance in the 20-40 GHz range. The 
PMMA is assumed to have a dielectric constant of 2.6 and a loss tangent of 0.00 I. The 
copper thickness is assumed to be greater than three skin depths. which is about 0.4 
microns at 40 Ghz. Removal of the PMMA after metal deposition will significantly 
improve the filter perfonnance. This technique can also open up slots in the outer 
conductor of the cylindrical waveguides to make efficient radiators in this frequency 
range. The technique can be scaled up and down to create high perfonnance precision 
antennas and filters over an extremely wide range of frequencies. The coaxial design will 
facilitate incorporating these components into integrated RF circuits. 
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BIOLOGICAL MICROCHIPS: PROPERTIES AND APPLICATIONS 

Andrei Mirzabekov 
Argonne Nalional Laboralory. U.S.A. 

and Engelhardllnslilule of Molecular Biology. Moscow. Russia 

Microarrays of gel-immobilized compounds on a chip (MAGIChips) are 
polyacrylamide gel micropads fixed on a glass slide. They may con lain chemically 
immobilized oligonucleolides. DNA. anlibodies. proleins. or olher compounds. 

Oligonucleolide chips have been used for mUlalion and sequence polymorphism 
screening; gene expression moniloring; detection of microorganisms; HLA allolyping; 
DNA chemical modificalion. fractionalion. replicalion. and ligalion; and lhermodynamic 
analysis of DNA duplexes. Generic microchips conlaining all 4.096 possible 6mers have 
been lested for DNA sequence analysis. 
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Perfonnance and Potential Applications of Refurbished 30 Meter 
Fonner Satellite Communications Facilities 

David R. DeBoer and Paul G. Steffes 
School of Electrical and Computer Engineering 

Georgia Institute of Technology 

A class of large satellite communication antennas built in the mid-1970's comprise 
a potential set of large antennas available for research or commercial satellite 
communications or radio astronomy upon upgrade. With the advent of low-noise 
electronics, facilities of this size with the associated maintenance costs were largely 
abandoned. Although many have sat idle and decaying over the intervening years, 
these facilities remain a potential resource for research and education. The 
Georgia Institute of Technology acquired one such facility located south of Atlanta 
in Woodbury, GA (Figure I). This facility consists of a pair of 30 meter antennas 
built in the mid-1970's and used by AT&T through the early 1980's for satellite 
communications. Initially as a set of small-scale student projects and later as a full­
scale project funded by the SETI Institute, one of the 30 meter antennas has 
recently been fully renovated. The structure was completely stripped and new 
electrical, mechanical and feedIRF systems were installed. 

One concern with a ''vintage'' facility is the achievable performance for a 
reasonable cost, since the years of disuse take a toll on the antenna superstructure 
and surface performance. Detailed inspection of the superstructure and 
measurements taken with the refurbished Woodbury facility indicate that this 
facility survived these years quite well and reasonable efficiencies are achievable in 
the 1-6 GHz frequency range. The hybrid-mode ultra-wideband feedlorthomode 
transducer (OMT) assembly has been described previously (IEEE AP-S 1997 
International Symposium Digest, vol. 3, p. 1634) and allows fuUI-6 GHz band use 
with a single feed. With this new feedlOMT in place illumination efficiencies on 
the order of unity were measured, with overall efficiencies on the order of 30-40% 
across the Land S microwave bands (1-3 GHz). Microwave holography will be 
performed in the near future to further characterized the surface and see if any 
gross misalignments be rectified. 
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Efficient Algorithm for Beam Shaping Technique 

·Cheng, Guan G., Huynh, Son H. 
Antcom Corporation 

21515 Hawthome Blvd. 
Torrance, CA 90503 

Future satellite communication requires re-configurable multiple beams in 
certain regions. For example, the beam pattem can be re-shaped to 
enhance the coverage gain during the raining season. In light of the 
generally computational-intensive nature of the optimization schemes, the 
capability of rapid beam re-configuration is critical, particularly for the 
multi-beam antenna (MBA) applications. We propose an efficient 
algorithm for rapid beam shaping. The shaped beam antenna of Interest 
is the parabolic-type reflector with an adjustable array feed, or a phased 
array. The antenna far-field beam pattem can be re-configured by varying 
amplitude anellor phase of each feed element. 

Three representative examples are given. Example 1 presents contour 
beams covering some geographical coast lines. The antenna Is a 
parabolic reflector fed by mUlti-hom with uniform weights. Example 1 
shows that an uniform-weight MBA design which provides the required 
beam coverage is achieved directly via the algorithm. The MBA design 
which includes the geometry configurations of the parabolic reflector and 
the array feed, are given along with the predicted beam performance. 

Example 2 is similar to Example 1 except the feed is weighted with 
variable amplitude and phase. Example 2 demonstrates that the contour 
beam can be efficiently re-configured by adjusting the amplitude and 
phase at each feed element. Numerical results for several cases are 
shown as well. 

Finally, Example 3 is a parabolic MBA for spot beams coverage. The 
beam shapes are re-shaped such that the antenna gains are changed 
accordingly. The beam shape is also controlled by the weights of the feed 
elements. The design of the beamforming netwoli< and the simulation 
results are presented. 
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Reflector Antenna Shaping from Feed Field Intensity 
Measurements 

Douglas Denison, Michael Shapiro, Richard Temkin 
Plasllla Science and Fusion Center, Waves awl Beams Division 

Massachusetts Institute of Technology 

In the problem of antenna radiation pattern synthesis, one solution is to use a set of 
shaped reHectors to transform a given fe~>d pattern into the desired radiated field. In 
this presentation we demonstrate a new approach to designing a quasi-optical, off­
set shaped re/lector antenna system from measured fa>d field intensities in order to 
fully account for the actual field structure, thllS ensuring the desired radiated field. 
The method may be used to design quasi-optical mode converters, transmission line 
components, and phase correctors for radio telescopes. 

In microwave and mm-wave applications (> 100 GHz), we often find it difficult 
to measure phase, yet we need both the field amplitude and phase to shape the 
re/lectors. \Ve consider the case of near-field intensity measurements of the feed 
pattern over two or more planes. We further stipulate that the beam be quasi­
optical - paraxial, spatially compact, no reactive power, and all reflectors are large 
in terms of a wavelength. Katsenclenbaum and Semenov (B.Z. Katsenelenbaum 
and V.V. Semenov, Radio Eng. and Electronic Phys., 12, 223-231, 1967) proposed 
an iterative algorithm for phase retrieval that is directly applicable to quasi-optical 
beams and can be conveniently implemented numerically. We use the phase retrieval 
algorithm to both recover the phase of the feed system and to shape the reflectors 
by treating them as phase correctors. We will present some results of our extensive 
numerical simulations which elucidate the accuracy of the approach. 

We have used the present method to design a pair of reflectors to transform a 
110 GHz microwave beam into an ideal Gaussian beam as part of an internal mode 
converter for use in a high-power gyrotron. The feed pattern is complicated, and is 
sensitive to machining and alignment errors in the feed structure. We measured the 
electric field intensity over several consecutive planes in the near field of the feed, 
and we used the phase retrieval algorithm to recover the phase of the beam and 
to design the shaped reflectors. The re/lectors were machined from solid aluminum 
and tested on the feed structure. We will present analysis of the measured radiated 
field and show it is indeed a Gaussian beam with parameters that match those of 
the theoretical design, demonstrating the validity of our approach. 
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Fields at the Focal Point of a Reflector Antenna Surface due to Laser­
Light Illumination 

Cengiz Ozzaim* and Chalmers M. Butler 
Department of Electrical and Computer Engineering 

105 Rigss Hall, Clemson University, Clemson SC 29634 

When a properly modulated laser beam illuminates a conducting surface it may cause 
electrons to be emitted in such a way that the resulting electromagnetic radiation is 
equivalent to that from a distribution of electric dipoles on and nonnal to the surface. 
The distribution of these dipoles over the illuminated spot is dictated by the laser light 
intensity distribution and their spatial oscillation is controlled by the laser modulation. 
This "spot" of dipoles radiates in the presence of the illuminated surface at a frequency 
dependent upon the modulation. For a vanishingly small spot of laser light on the 
conducting surface, the radiating source is modeled as an electric dipole. while, for a 
larger spot, it is taken to be an ensemble of nonnal dipoles whose amplitude and phase 
are dictated by the characteristics of the laser light and the spot. 

A conducting parabolic reflector, illuminated by a laser, is illustrated in Figure I. With 
the addition of a feed or collector at the focal point of the paraboloid, one has a standard 
reflector antenna. The laser excited dipoles radiate in the presence of the reflector 
antenna and create a field everywhere. It is the field at the focal point, as a function of 
the modulated laser beam characteristics, that one wishes to detennine. Since one needs 
to know the field only at the focal point, one can obtain the desired infonnation by 
solving a radiation problem and then employing the reciprocity theorem. This indirect 
but efficient reciprocity-based technique for detennining the field is carried out in two 
steps. First, a rotationally symmetric source is impressed at the focal point and the 
resulting radiation is detennined from zero order BOR theory. From knowledge of this 
radiated electric field and the value of the impressed source, one detennines the field at 
the focal point by invoking the reciprocity theorem. This technique, though simpler 
than more direct methods, is completely rigorous and involves no approximations not 
employed in direct procedures. Data are presented to illustrate the results of this 
analysis. 

__ f=l or Collector Point . 
Laser Light 111 I I j I i Excitation r ... " .-- -_ ..... ---j __ 

~-;,~~ 
Figure I. Reflector antenna surface illuminated by modulated laser light. 
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On the Design of Luneburg Multi-Beam Antenna 

'Cheng, Guan G., Huynh, Son H., and Sanchez, Marco 
Antcom Corporation 

21515 Hawthome Blvd. 
Torrance, CA 90503 

The increasing demand of Low Earth Orbit (LEO) satellite constellation is 
evident in future and emerging global personal communication systems. 
LEO satellite is normally required to provide large number of beams for 
wide-angle global coverage. The design of multi-beam antenna (MBA) is 
therefore essential for low cost and high performance. We propose the 
Luneburg lens for MBA applications for global communications. The main 
advantage of the Luneburg lens MBA is that all its beams are identical 
with no scan loss. 

A practical design of layered Luneburg lens MBA Is presented. We 
propose an optimization scheme which determines the antenna 
configuration including the number of shells, the dielectric constant for 
each shell, the size of the lens, feed layout, and beam forming network. A 
computer model is developed for the prediction of far-field performance, 
and the numerical results for discrete shells are also shown. 

Three types of Luneburg lens MBAs are given for comparison. They are: 
a) single-aperture MBA, b) mUlti-aperture MBA, and c) single-aperture with 
shared feed elements. First of all, the single-aperture MBA presents a 
simple antenna configuration which provides 3-dB contiguous, multiple 
beams, yet with the drawback of significant feed spillover loss. Secondly, 
the mUlti-aperture MBA produces higher gain by trading the feed spillover 
with excess hardware. However, the use of mUltiple apertures results in 
weight and mechanical alignment problems. Finally, the MBA with shared 
feed poses another way of reducing feed spillover by sharing the adjacent 
feed elements at the expense of beamforming network complexity. 
Antenna configurations and numerical results of all three types of MBA are 
evaluated, along with practical design issues. 
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Design and experimental investigation of a wideband polarization filter 

Jafar Shaker* and Michel Cuhaci 
Communications Research Centre 

3701 Carling Ave., Box 11490, Station H 
Ottawa, Ontario, Canada, K2H 8S2 

The advent of various schemes of wireless communications (such as mobile and 
LMCS) has placed stringent requirements on available frequency bands. These 
constraints can be alleviated to a certain extent by frequency reuse through 
polarization diversity. Polarization filters are crucial to the implementation of 
such schemes. Therefore, a study was undertaken to investigate the characteristics 
of a perforated screen polarization filter and its effect on the performance of an 
antenna that employs such a filter. 

Strip gratings have been used in the past as polarization filters, and various 
computational and analytical tools have been devised for the calculation of their 
reflective characteristics. The two dimensional grid structure introduced in this 
paper maintains the same level of polarization isolation as a strip grating filter 
while being superior in terms of mechanical strength. 

There have been various publications on the frequency dependence of the 
reflective characteristics of two dimensional grids of slots. However, the 
polarization selectivity of these structures has not been thoroughly investigated. 
This paper is an attempt to fill this gap and discuss the intricacies in the utilization 
of a two dimensional perforated screen, such as the effect of the spacing between 
grid and the antenna on performance, and measurement techniques. 

The design and experimental verification of a wideband polarization filter 
composed of a perforated metallic screen is presented in this paper. The filter was 
used to suppress the cross-polarization of both a hom antenna and a large array of 
dielectric resonators. Effective suppression of the cross-polarization (in the order 
of 25 dB) was observed for both cases. The insertion loss was in the order of I dB 
in the case of the hom and 0.5 dB in the case of the array antenna. The 10 dB 
return loss bandwidth was measured to be 20%. It was demonstrated that the filter 
can be installed in close proximity of the antenna radiating aperture without any 
significant degradation in its insertion loss or polarization isolation performance. 
Therefore, the utilization of such filters does not violate the compact nature of 
planar arrays. 

The radiation pattern of the antenna in conjunction with the filter was measured in 
the major planes for both co- and cross-polarization. A reduction in the 
beamwidth of the antenna was observed as the filter is mounted on the radiating 
aperture. The modification of the antenna radiation pattern was caused by the 
angular sensitivity of the polarization filter. 
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Singly. and Multiply·folded Broadband Conical Antennas 

J. S. Mclean. H. D. Foltz. O. E. Crook 

Electrical Engineering. The University of Texas - Pan American 
1201 West University Drive. Edinburg. TX 78539 

Electrically-small. broadband antennas have numerous useful allributes among which is 
the ability to replace sets of multiple antennas with a single. compact package. 

Conical and biconical antennas exhibit low radiation quality factors and hence have the 
potential to provide broad band operation. However. they require external tuning and 
matching elements for operation over a frequency range in which they are electrically­
small. These matching elements increase overall package size and complexity and often 
limit efficiency. The folding of monopole and dipole antennas provides impedance 
transformation as well as reactance/susceptance compensation thus providing broadband 
operation in a small package without the need for external tuning elements. 

Here. a folding scheme combined with dielectric loading is used to to produce broadband. 
electrically-small. singly- and multiply-folded conical and biconical antennas. Because 
conical and biconical radiating elements exhibit intrinsically lower radiation quality 
factors than do wire elements. these antennas provide superior performance over 
conventional folded antennas. They provide bandwidth approaching the fundamental 
physical limit for a given volume. require no external tuning or matching elements and 
are very efficient. 

The operation of these antennas will be discussed and measured data will be presented for 
input impedance. radiation efficiency. and radiation pallerns. Finally. the performance of 
these antennas will be compared with fundamental physical limits. 
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Development of Integrated Double-discone Antenna 

Yang Enyao 
Guilin Institute of Electric Technology, China 

Yang Shaohua, Chen )(inke 
Guangzhou Communication Research Institute, China 

Traditional discone antenna is characterized by broadband and low gain. It is 
worth discussing to construct an array with discone as the element. The ordinary array 
excition which usually leads to the fork stmcture is impractical in application. This 
investigation actualius the integration of double-discone by using a coaxial branch-pipe 
unit. 1be strucUUe is shown in fig. 

Starting from the rigid cable, the radius of Ihe oulsidc conductor is gradually 
extended, then via the coaxial branch-pipe, the internal and external coaxial cable are 
formed. They excite discone I and 2 separately. To make the two discones to be in 
phase, it is necessary to 51aff some medium in the interior of the external cable 
and, in the meantime, to meet the following equation: 

26 21r.{i 4<1>=<1> -<I> =-(1+")---' I=U , • A, A, 

Hance we have 1=" I(.{i -I). Using MM. computing arc made in the case 
of integrated double-discone system with d=6Ocm, 1=12Ocm and e. =2.25. The 
computed patterns in vertical plane fit well with the measurement data. The 
measurement result of VSWR of the double-discone antenna system shows that Ihis 
constructure still is broadband as the traditional single discone does 

--
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Dielectric Resonator Antenna Elements with Enhanced Bandwidth 

Gregory P. Junker', Ahmed A. Kishk+', and Allen W. Glisson' 

'SOl W. Mariposa Ave., EI Segundo, CA 90245 
'Department of Electrical Engineering, The University of Mississippi 

University, MS 38617 

The use of a dielectric resonator (DR) as a radiating element has been a topic 
of considerable interest due to its small size, efficiency, and ability to perform 
mUltiple antenna tasks via simple mode coupling mechanisms. In a recent review of 
the dielectric resonator antenna (DRA) by Mongia and Bhartia, (R. K. Mongia and 
P. Bhartia, [mernat. 1. Microwave and Millimeter-Wave Computer-Aided 
Engineering, 2, No.3, 230-247, 1994), approximate design equations for the 
prediction of source free ORA resonant frequencies and impedance bandwidth were 
given. Many of these simple relations were derived from experimental data, cavity 
models, and curve fitted data obtained from rigorous numerical methods. Simple 
relations such as these find utility as a starting point for design work. However, to 
design an actual radiating device, the feed mechanism must be taken into account 
since it can significantly influence the important antenna parameters such as 
impedance bandwidth and pattern integrity. 

Rigorous numerical methods, together with hardware prototyping of ground plane 
backed, coaxial probe fed ORA elements operating in quasi-TE modes have been 
used in this investigation. Particular configurations of DR As with impedance 
bandwidth consistently greater than 20% have been identified. One of the basic 
radiating elements under consideration in this investigation is the half-split 
cylindrical dielectric resonator operating in the HEM" mode (G.P. Junker, A.A. 
Kishk, and A.W. Glisson, Electron. Leu. 29, No. 21,1810-1811,1993). Through 
proper selection of antenna parameters, this antenna mode has been identified as one 
which possesses very low radiation Q factor and large impedance bandwidth. Results 
of this numerical and experimental investigation shall be presented. 

Through the use of numerical methods, broad-banding of other quasi-TE modes via 
the mechanism of concentric ORA elements has been investigated. The basic 
philosophy behind this design procedure is to concentrically load a half-split 
cylindrical DR of low permittivity with that of a relatively high permittivity DR. The 
parameters of the concentrically loaded ORA are selected so that the device exhibits 
mUltiple resonances of the same mode type over a frequency band which exceeds that 
of any of the constituent DR components. Results of this investigation shall be 
presented. 
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Analysis of Arbitrarily Shaped 
Dielectric Resonator Antenna Structures 

A. J. Movahedi, 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. The 
rigorous analysis of DRA elements, however, has been largely restricted to those 
with rotationally symmetry. The objective of this work is to present a numerical 
solution procedure for the rigorous modeling of arbitrarily shaped DRA elements 
in the presence of arbitrarily shaped conducting surfaces and/or wires. The 
equivalence principle is employed to obtain a set of coupled surface integral 
equations along with thin-wire integral equations when necessary. The PMCHW 
integral equation fom1 is used for modeling dielectric interfaces, while the electric 
field integral equation is used for conducting surfaces and thin wires. The 
dielectric and conducting surfaces are modeled by planar triangular patches. 

The analysis of electromagnetic radiation and scattering from a combination of 
arbitrarily shaped dielectric and conducting objects has been studied previously 
(S. M. Rao, T. K. Sarkar, P. Midya, and A. R. Djordevic, IEEE Trans. Antennas 
Propagat., AP-39, 1034-1037, 1991). In this work we add the capability to model 
thin wires, which may be located within or outside the dielectric region and which 
may be attached to a conducting surface. Of particular interest in this work is the 
modeling of DRA elements, where the dielectric region is of resonant size and 
acts as a radiating element. Thin wires in the vicinity of the dielectric or attached 
to conducting surfaces in the vicinity of the dielectric may be driven with delta­
gap voltage sources to provide the excitation to the DRA. The program developed 
for modeling the DRA elements is validated for a variety of geometrical 
configurations for both radiation and scattering cases for which other analytical, 
measured or numerical data exists, including the specific cases of a probe-fed 
hemispherical DRA and a probe-fed cylindrical DRA. 
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An Investigation of Lightning-Induced Sprites 
Using a Non-linear, Inhomogeneous Atmospheric Conductivity 

Michael E. Uaginski', Jon K Mooney, and Lloyd S. Riggs 
Department of Electrical Engineering 

200 UrOlIll lIall • Auburn University, Alabama 36849 

Sprites induced via lightning-rdated transient electric fields due to the re­
configuration of charge following large positive cloud-to-ground strokes are investi­
gated via a simulation of the Maxwell's equations. The research presents evidenc(! 
that the "sprite" phenomenon is a dir~'Ct rp.8ult of energy coupled to the ionosphere 
hy several complicat(!<i me<:hanisms. The primary region of inten"t is in the altitude 
range of z = ~ 40 - 70 km witb the radial dimension spanning an area of 30 -60 
km. Sprites developing in this region are wmmonly referred to as a IlIue Jets. A 
nJeIl-.ured nighttime conductivity profile is uscd in all simulations and a finite ele­
ment code is employe<l in the ",ilution. Maxwell's equations are "'lived w"wunting 
for the nonlinear atmospheric effects during the sprite event (u = u(p, E, z, etc». 
The fundamental equation 1L'",d is shown hdow: 

( 
IJE IJ./,) 

'i1 x 'i1 x E = -/'0 u IJ( + Dt 
IJ2 E 

- /'0'0 IJt2 (1) 

Several of th(! field signatures identified unusual traits. The temporal evolution 
of the curnmt density dearly indicat.", an extrmnely long duration following the onset 
of the sprite event. This is primarily a result of the conductivity grwlient forcing 
continuing current into the upper altitude regime. 

lkeent optkal and electromagnetic measurements confirm much of the sim­
ulated sdlema. The reS<!arch estahlishp •• , under "worse case" conditions, sufficient 
electrical energy or power is resident in the atmosphere to allow this optically mea­
sured event to ocmr. It is also strongly inferred that the primary mechanism for 
"triggering" a sprite event is a direct resnlt of the grwlient of the atmospheric con­
dlletivity f:OlIlplicatillg the electromagnetie n"'ponsc in the simulations. 
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Extremely Low Cost Circularly Polarized Handset Antenna 
for US-Band Satellite Communication 

Son H. Huynh·, Guan Cheng. Marco Sanchez 
Antcom Corporation 

21515 Hawthorne Blvd. 
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LoW-gai~nrcularIY polarized lfi~dset antenna designs that provide ~ 

hemispherical pa ems have always t*en a challenge for antenna engineers in 
general. This is especially true in the! new US-band communication applications . 
such as in iridIUm, Globalstar, ICO, and Ellipso. It is even harder for the , 
mechanicaVpackaging engineers and electrical engineers to work together in order r 
to come up with a design that works electrically, and yet is visually appealing and 'kJ 
cheap to mass-produce. It is essential nowadays for antenna engineers to have vast l.I)' 
knowledge in mechanical engineering, material engineering, and packaging design '8. 
to better assist them in the antenna design. k ~ 

Handset antennas for the above applications require about 0 dBic gain at ~~" ~~ 
10° elevation angle. They have to transmit and receive at the same time: ~ 

r 

1 
'. either in one band as in Iridium: -t- ~ /J1!1 ~L l 

t N .:Illl; Recffx: 1.6160-1.6265Ghz - )1'2-5 /~ S-~ 
CJ)!~ n,4/·J.j-Te or at two narrowly spaced frequencies as in ICO:! ! ~ 
I ,: n Jl}.w Rec: 1.995 Ghz, Tx: 2.185 Ghz ~ If W'lJ'r;;a j (;; 

1'1)" I • or at two widely spaced frequencies as in Globalstar and Ellipso 

~ 
~ Rec: 2.4918 Ghz. Tx: 1 i~oI183; ?hz, '\J /wr g, '2$ .h1-+~ . 

; The gain of patch antenna is not enough to close the link between users and .-" 

to a product that is too bulky and impractical to integrate into the handset unit and 
is too expensive to produce. COSt;- ~Jt:5 0 ' i 

This paper will discuss the innovative .!.echnigues that simplify the 
quadrililar helix design. The new design approach will utilize hi-tech plastic 
engineering and fabrication technique for its electrical advantage. The overall ~ 
package of the antenna will be small in size. extremely low in cost, and still 
maintain its optimal performance. 
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Laurent DescIot, Mohammad Madihian, A. Kuramoto' and K. Tanabd ~ 

cAtc Media Research Laboratories, NEC Corp., 
'Antama system devIL dept. ,Microwave Satellite Communications, NEC Corp. 

Abstract: . 
This paper describes a dual mode handy phone antenna by incorporating a, 
dipole within a helical structure, developed for Satellite/Cellular dual mode 
communication. 
Summary : 
Recent adVBIICes In mobile comm'lnicalion technology have resulted In 
Integration of different services such as combining Satellite and Terrestrial 1 
Cellular communicaiion systems. Since operation frequencies, polarization 
and radiation patterns should be different, two antenDas have to be used., 
Often the solution used is to separate them which requires space and is 
against the Integration trend of actua1 handy communication system. In order 
to solve these problems, We propose a structure based on Inclusion of a 
dipole type antenna within an helical type antenna. Helical antenna for ~ 
generatlng5lrcular polarization In the S frequency band with a beamwidth is 
designed to fulfill the requirements fur a satellite colIllllWlication system. It is 
based on a 4-ann helical optimized on its diameter, pitch. length. The 
dipole anteDii8 which is to access a OSM alike system at 900 MHz is placed 
In the center of revolution of the heJis:al antenna· Fig. I·. Study of Interaction l:\ 
of both antennas has been performed with a moment method. It is shown that 
the Introductlon of the dipole type antenna mainly affects the radiation. 
pattern of the helical antenna but not the axial ratio which is staying within 2 ' 
dB at most. M~ performances show that It is pgssible not to perturb ~ 
too much the radiation pattern of the helica1 antenna 2..ro~ lliiii ihe di£# 'b-

.Js~1l posruoiJed - Fis. 2 -. 
The aevelOped structure provides a smart compact solution fur dual mode ~ 
handy phone systems. ~ 

4 - arm hellcal anteAlla '-

~. ~ 

E==-"'I - ............... 

·········, .. ········11. AIle. In de,. 

~-Fic.l-

~ 
- Fi(.2 -

271 



Patch and Dipole type configuration for Multi-Mode system 

Laurent DesclotMohammad Macfihlan, A. Kuramoto' and K. Tanabe' 
CotC Media Research Laboratories. NEC Corp., 

'Antenoa system devIL depL,Microwavc Satdlite Commuoications, NEC Corp. 

Summary : Integration of antennas for permitting both satellite. and 
terrestrial communication access Is emerging. For sate11ite 
communication the circular polarization Is needed, however tor the 
terrestrial communication the linear vertical po1arization is often used. In 
this paper we describe an Inte~ted patch dipole solution. The patch is 
fed through the substrate. to realize the circular polarization, A slot and a 
hole are made within the patch to mount the dipole type antenna to 
satisfy the terrestrial communication system requirements. The dipole 
can then be pullin or out of the patch configuration - Fig.l;1. -. ~ince 
the Introduction of a slot and hole creates a shift In the axial ratio and 
matching , we had to mechanize the behavior of the AR versus the 
matching and gain. It has been made through the Introduction of slits on 
two edges of the patch. By adjusting the number of slits, their widths, 
lengths and separations, centering the AR is possible. All the simulations 
have been made using a moment method. A. realization has been made 
having an overall size of 19 mm by 19 mm for the patch size In the S 
.frequency band;.. The measured ~al ratio, matching and axis sain are 2 

.l An. dB, 30 dB and 4 dB respectively at the center frequency -Fig. 3 -. The 
('A.f)/lIrfl#Je bandwidth Is 0.75 %. The dipole radiation in ~ case is not affected by 

_ the presence of the small patch. This arrangement leads to a smart 
//>'"/ compact solution to have two antennas within a small area. 

r~Tlf\ I C~c~) 
1il / ~::: n-26!1. 

etructured patch 

ntrac:ted structure . - Fig. 1 -

... , , , , , , , , , , .......... ,- 0 
aug. In dec. 
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A Solution of the Read Zone of a Vertically-Polarized Dipole 
RFID Tag Antenna Illuminated By a Pair of Switchable 

Circularly-Polarized Base Station Antennas 

K.V.S.Rao, D.-W. Duan and H. K. Heinrich 
IBM, Thomas J. Watson Research Center, 
P.O.Box 218, Yorktown Heights, NY 10598 

Abstract: Radio frequency identification (RFlD) system is a wireless communication 
system in which the radio link between the base station and the transponders are 
furnished by the modulated back-scattered waves. One of the most important 
characteristics of a RFID system is its "read zone", which is defined as the volume 
inside which the base station (with one or more base station antennas) can 
communicate with the transponders (or, tags). This paper presents a systematic 
approach to analyzing the read zone of an RFID system where the transponder 
antenna is a vertically-polarized half-wave dipole, and the base station antennas are 
a pair of circularly-polarized antennas. 

In the analysis, whether a transponder can be read is detennined by whether 
the voltage induced on the transponder exceeds a threshold voltage, which depends 
on the properties of the circuit attached to the transponder antenna. The induced 
voltage is computed based on the principle of receiving antennas, with the assistance 
of a series of coordinate transformations. The field of the base station antenna is 
computed using a formula for circularly-polarized microstrip antennas, and the 
effective height of the transponder antenna is computed using the expression for a half 
wave dipole. At a given point in space, an induced voltage is calculated for each base 
station antenna, and the maximum of these (t wo) voltages is used to compare with the 
threshold voltage in order to determine if the transponder is read. The dipole tag 
antenna is oriented vertically throughout the analysis. Contours of the constant 
induced voltages at the outputtenninals of the tag with I watt input power at the base 
station antenna are shown in Fig.l. Measurement of the read zone of RFID system 
has shown good agreement between theoretical analysis and experimental results. 

o 0.5 

(a) x, z plane (y=O) (b) y, z plane(x=O) 

Fig. I Typical Shape of Readzone for a Vertically Polarized Dipole Tag. 
( Units are in meters) 
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Sensitivity Analysis of a Planar Antenna 
With Respect to FDTD Modeling 

Andrea.. Christ', Katja Pokovic, Michaelllurkhardt and Niels K'L,ter 
Swiss Federal Institute of Technology (ETII) 

8092 Zurich, Switzerland 
Phone:+41-1 6322736, Fax:+41-1 632 1057, e-mail: christ@in ... ",.ethz.ch 

Introduction 
The FinitL~Differ"'l(:e Time-Domain (FDTD) method ha.. be<m suecessfully used for the 

charadmization of far- and ncar-field parameters for a variety of antenna configurations. Re­
cently, it has gained increa..ing interest for usc in the analysis and optimization of anten­
nas for mobile communieations device.. (K.L.Virgaand Y.H.ahmat-Samii, IEEE-MTT, 10, 1879-
1888,1997)' (S.-G.Pan et aI., IEEE-AI', 10,1475-1483,1997). In our study, we have used the 
FDTD technique to characterize a planar antenna structure whi<:h is used for cellular phone 
base stations in the 900 Mllz band. Of particular interc..t was the sensitivity of the a.,sCH.",d far­
and near-field pllrameters with respect to FDTD specific modeling parameters. Knowledge of 
the influence of certain modeling parameters on the obtained results is essential for any further 
optimization process. 

The antenna structure consists of a bllde-plate, a fe<1 center-plate and a capacitively cou­
phi directing plllte whi<:h have been optimized to achieve the desire<l bllndwidth (maximum 
dimensions 150x 1701lIlu2 ). The entire antenna structure is covered by a radom housing. The 
thicknCH..es of the plates and the radom 1\.. well a.. the elistanees betwe<m the plates are lIlueh 
smaller than the plates' surface dimensions. 

Objectives 
The objective of thL. study WI\.' to chanu:terize the described antenna in the far- and near­

field, including far-field pattern, near-field lind current distribution, bandwidth and feed point 
impedance. F'urthermore, a reliable analysis of the SI,.,sitivity of the obtained results with respect 
to modeling parameters was of major interest. 

Methods 
The simulations were performed with a Ye<,..grid ba..ed FDTD algorithm. I'ML bound­

ary conditions were us"d to truncate the computation domain. In order to properly r"pres"nt 
the antenna structure, a computation domain of maximum 2.5 million voxels wa.. used. The 
ant"nna model wa.. excited using a voltage soun:e with an internal resistance as described in 
(It.J.Luebhers and H.S.Langdon, IEEE-At>, 7,1000-1005, 1996), significantly reducing the caleu­
lation time. Measurmncnts were performed Cor validation purposes. The far-field wa.. 1I",a.".red 
in an anechoic chamber, and ncar-field scans were taken with the DASY3 measurement system 
(T.Schmidet. aI., IEEE-MTT, 1,105-113,1996). 

Results and Discussion 
In both the horizontal and the vertical plan"s, the co- and crosspolar components of the far­

field were calculated at a frequency of 915 Mllz, which is the center of the specifie<1 bandwidth. 
Far-field patterns Were in good agreement with the mea..urements and were found to he rather 
insensitive with Cl,"ped to the modeling parameters. The aeeurate modeling of the thkkness 
of the radom and its distance to the plates turned out to be crucial for the assessment of the 
precise fL>edpoint impedance and the antenna bandwidth. These findings were confirnlt'd by 
the mea..urements. The calculated near-field distributions of the E- and II-fields at different 
distances above the front plate of the antenna were in excellent qualitative agreement with the 
measurements. 

In summary, FDTD showed to he very robust and reliable for the a..sessment of the far-field 
patterns and the near-field distributions of the described antenna. The rp.lItrictiol1s on gridding 
were identified and can be wnsidered for further optimization processes of the described type 
of antenna. 
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ANALYSIS OF PLANAR STRATIFIED WAVEGUIDES IN TilE PHESENCE OF PERFECT 
MATCHED LAYERS 

Henk Dcrudder', Daniel De ZuW,r anel Frank Olyslagcr 
Depl. of Information TI·(,hnology INTEC, St. Pietersnicuwstraat 41, B-9000 Gent, 

Belgium. Tel: +32 9 264 33 54, Fax: +32 9 264 35 93. E-mail: hcnkel@intcc.rug.ac.bc 

Abstract 

This contribution focuses 011 the eigenmotle analysis of planar stratified waveguides. This could 
be a simple slab waveguide as encountered in many optical prohlem.q. B parallel plate waveguide with 
a planar layered medium between the metallic plates or the dielectric on top of a ground plane type 
of structure found in MMIC's. As a matter of illustration we will fnrther (ocus on this last type of 
structure, a.-t shown in left band side of the figure. In the lower balr of tile drawing this figure shows a 
substrate of thickness d with a relative dielectric constant f,. on top of a ground plane. This open type 
of waveguide supports a series oC discrete TE-- and TM-mooes and an infinite set oC radiation modes. 
If one wants to use the complete set of eigenmodes to represent a field, these radiation modes often 
lead to numerical difficulties. Hence, while e.g. investigating the junction between two optical slab 
waveguides, this problem is somelimes circumvented by introducing an additional metal plane on top 
of the structure, creating a parallel plate waveguide. The distance D between hoth planes, is chosen 
to be very large. The large set of discrete eigenmodes of the parallel plate waveguide now serves &.CJ a 
(good) approximation for the original problem with the ra.ciiation modes. 

Here we want to put forward a different way of tackling tMs problem. Rather than to modify the 
original waveguide problem by introducing an additional metal plane, we propose a planar stratified 
medium consisting of perfectly matched layers (PML). These PML's have been used with great suc­
cess as absorbing boundary condition in the Finite Difference Time Domain method. The layers are 
terminated by a metal plane but. when t.he field has propagated through the PML's its amplitude has 
decreased dramatirally, such that. the metal plane could as well be replaced by any other material. 

The eigenmode analysis of the final structwe consisting of the original waveguide and the PML's 
was performed by a propagator matrix formalism. A typical result for d = 9 mm, fr = 3.0, and w :: 
78.5398 GHz , is given in the right hand side of the figure, showing one half of the complex fJ-plane 
for the propagation factors of the different eigenmodes. Without. going into much detail, we see that 
3 discrete eigenmodes are found on the real UtS (one TE-mode and two TM-modes) together with a 
series of discrete eigenmodes with increasing imaginary part. It turns out that. the position of the 3 real 
eigenvalues is not affected at all by the presence of the PML's. This result clearly illustrates that lhe 
PML's only absorb propagating plane waves and do not inDuence evanescent (non-homogeneous) plane 
waves. In our context this means that the propagating T& and TM-mocJes of the original structure 
will not be inOueuced by the PML's. This will only be the case for the radiating ones. 

In the oral presentation addiWonal results will be presented as to the inOuence of t.he numher of 
PML layers, oC their specific constitutive parameters and of the distance between the original subslrate 
and the PML region. We will further present results comparing the fields generated by a line source in 
the original problem (I.e. the twcrdimensional Green's function of the problem) and tbe fields generated 
by the same source in the modified configuration. 
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Transformation of Surface Waves 
in Homogeneous Absorbing Layers 

R.T. Ling. J.D. Scholler. P.Ya. Ufimtsev* 

Northrop Grumman Corp. 
8900 E. Washington Blvd. 

Pico Rivera. CA 90660-3783 

*Also with 
Electrical Engineering Department 

University of California at Los Angeles 
Los Angeles. CA 90095-1594 

Abstract 

Surface waves in homogeneous absorbing layers are studied. The transformation of 

surface waves into other types of guided waves with frequency or thickness variations is 

analyzed. A guided wave diagram in the complex plane of the transverse wave number is 

used in this analysis. It is found that in such layers. the standing damped surface waves do 

not exist and the continuous transformation of surface waves into leaky waves is 

forbidden. Surface waves can only transform into non-physical waves with field 

strengths increasing exponentially in both the direction of propagation and in normal 

direction away from the layer into free space. The frequency at which surface waves 

transform into non-physical waves can be considered as an upper cutoff frequency of 

surface waves. At this frequency a surface wave becomes a regular plane wave incident 

on an absorbing layer under the Brewster angle. Numerical data for trajectories of 

transverse wave numbers are presented. 

277 

i i 



On the Electrical Properties of Interconnects 
in the Presence of Perforated Ground Planes 

Andrew W. Mathis' and Andrew F. Peterson 
Packaging Research Center 

Georgia Institute of Tedl!lology 
Atlanta, GA 30332-0250 

The interconneets within an elm:tronic paekage arc frequently modeled as 
either a mierostrip or stripline transmission line. Both of these transmission lines 
assume solid grollnd planes, uut often, this is not the ease. The manufacturing 
process may require that the ground planes be perforated, and these perforation 
may affect the electrical properties of the interconnect. 

Previously, the authors have presented a numerical Green's function for an­
alyzing a single microstrip transmission line above a perforated ground plane. 
The present analysis extends the above work to include multicondnc:tor lines and 
uoth mierostrip and stripline geometries. The ground planes arc assumed to he 
periodically perforated with rectangular apertures. 

The electric field integral equation (EFIE) is used to analyze the interconnects, 
and an appropriate numerical Green's funetion accounts for the apertures. The 
Green's function comprises the "standard" Green's function of a line source above 
a solid ground plane and a numerieal c:orrection factor. This correction factor is 
obtained by approximating the source as a series of plane waves, and for each 
plane wave solving the magnetie field integral equation (HFIE) for the equivalent 
magnetic current ahove the apertures. The scattered field from each plane wave 
is then summed to determine the total scattered field. 

Data are presented that eompare the above method with measured and nu­
merical data obtained through other techniques. Data are also presented t.hat 
show how the propagation <:onstant and dmracteristic illlpedanee of the transmis­
sion lines vary with proximity t.o the ground plane(s) aJl(llocation with respect to 
the ground plane(s). From this data, design rules ean he obtained. 
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Full-Wave Perturbation Theory for Coupled Stripline Structures 

David J. Infante' and Dennis P. Nyquist 
Department of Electrical Engineering 

Michigan State University 
East Lansing. MI 48824 

Stripline waveguide structures are commonly used in microwave and millimeter-wave 
integrated circuit devices and as field applicators for the electromagnetic characterization of 
materials. Increasing clock speeds and the desire for broadband material measurements 
require knowledge of the behavior of such devices when driven at high frequency. In addition, 
the decreasing size of micro-electronic circuits has prompted a need for an understanding of 
coupling effects and leakage mechanisms which may lead to loss or distortion of signals 
present in circuits which employ stripline structures. 

An integral equation formulation to determine the propagation-mode spectrum of coupled 
stripline structures has recently been presented by the authors. This method involves the 
development of a pair of electric field integral equations (EFIEs) which are based upon a 
Hertzian potential Green's function. These coupled EFlEs are converted to matrix fonn and 
solved numerically via a Galerkin's method using Cheybechev basis functions. 

Solution of the coupled strip EFIEs is a formidable task, both analytically and numerically. 
In order to reduce the complexity associated with this solution, a full-wave perturbation 
theory for coupled strips has been developed based on the full-wave EFIE fonnulation. For 
this method, a pair of modified integral equations are developed 

lim {fdrk,,;o"(k;tW.)[1. i,(x,Ylx',h,)'k,,(X/)dt ' t 1. i,(X,Ylx,.h')'f,plX/)dr/]}' 0 
rill c, C, C1 

. {f -,,0, ( , .. )[1. - I - I I 1. - I - Ill} hm drk,,' ko tWo g,(x,ylx ,h,)'k,,(x)dr t g,(x,ylx ,h,)'k,plx)dt ~ 0 
,~lIl c, C1 

C, 

Here V is the transform-domain differential operator, i is the transform-domain Green's 
function, and f~~o, is the current of the pth propagation mode along the isolated mth strip, 
having propagation constant ±(~o), and satisfying the isolated EFIE. In the case of loose, 
nearly degenerate coupling, the isolated eigenmodes of different strips are nearly equal, and 
it is assumed that the current distributions of the coupled system modes are approximately 
weighted replicas of the corresponding isolated currents. 

In addition to reducing the time required for computation of current distributions, this method 
provides insight into the nature of coupling effects. Numerical results obtained using the 
perturbation method will be compared to those obtained using the method of moments solution 
of coupled EFlEs presented previously. Results will include current distributions associated 
with various modes, and propagation-mode dispersion characteristics indicating cutoff 
frequencies of higher order modes. 
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Characteristic Impedance and Field Distribution in Coaxial 
Transmission Lines With Arbitrary Cross Section 

Oscar Polanco Perez and Luiz Costa da Silva 
Catholic University of Rio de Janeiro 

Rua Marques de Sao Vicente 225, Gavea, RJ, Brazil 

A simple and accurate technique, based on dyadic Green's functions and the 
moment method, is proposed for the determination of the characteristic 
impedance and field distribution in coaxial cables with arbitrary cross section. 

For the computation of the fields, the line is replaced by an equivalent structure, 
composed by the line and a rectangular waveguide circumscribing the line. In 
the equivalent structure, the contours of the inner and outer conductors are 
approximated by polygons. 

The surface current densities, induced on both conductors, are determined by 
the moment method, using, as basis functions, pulses with domain coinciding 
with each side of the polygons: 

J.=La,p,e-JI.<o, ................................................................... (1) , 
where z is the direction along the axis of the cable, k is the free space wave 
number, p, are pulse functions and 0, are coefficients to be determined. 

In the determination of 0" the electric field generated by J., as a function of 

0" are computed using the dyadic Green's function of the rectangular 
waveguide. The z component of the field results identically zero. Applying the 
boundary conditions to the polygonal contours, and testing functions equal to 
the basis functions, a homogeneous system of equations, with null determinant, 
is obtained, for the determination of 0,. Choosing a, = I, the system is solved. 

Once Oi are known, the fields are computed, using, again, the dyadic Green's 

functions of the rectangular waveguide. The characteristic impedance is 
obtained from Z, = V II . 

As examples of applications, it was considered, initially, a circular coaxial cable 
with known impedance of 50 Ohm. Using the present method, and 
approximating the contours of the conductors by polygons of 40 sides, a value 
of 49.68 Ohm was obtained for the impedance. The computed electric field 
showed an error less then 6% (if compared to exact analytical values), except at 
the boundary of the conductors. As a second example, the characteristic 
impedance of a rectangular coaxial line, with dimensions of 2.0x 1.0 mm and 
6.0x3.0 mm was calculated. A value of 50.46 Ohm was obtained. The value of 
this impedance, using an approximate, semi-analytical method (0. R. Cruzan 
and R. Garver, IRE Trans. on MIT,488-495, 1965) was 50.54 Ohm. 
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Network Analysis and Measurement of 
an Inclined Microstrip-Slotline Transition 

Jeong Phill Kim· and Wee Sang Park 

Department of Electronic and Electrical Enginef>.ring, Mir.rowave Application 
~arr.h Center, Pohang University oC Science and Technology, San 31 Hyoja-dongl 

Nam-gu, Pohang, Kyungbuk 7!)()"784, Korea 

The transition between a mkrostrip line and a slotline bas heen used as a coupling 
structure in the design oC multilayer microwave and millimeter-wave circuits. ODe 
example oC the transition is (ound in the feed structure of a tapered slot antenna. 
Tapf'.red slot antenna.'J are usually fabric.ated on a thin substrate (h) having a low 
dielectric constant t:r to reduce the cfos&-poiarization in the radiation. For the slotline 
to be nlatdu~d with the mir.rostrip feed line whose width i.el IV", I the width or the 
slotline IV. should he very narrow, which is sometimes difficult to fabricate. One 
way to overcome the problem is to employ a quarter-wave transformer or a tapered 
line section. However, this attempt may result in a more complicated circuit and a 
narrow bandwidth. 

This paper proposes an inclined microstrip-slotline transition to solve the match­
ing problem. Dy using the modeling theory (J. P. Kim and W. S. Park, Microwave Opt. 
7'tch. I~U., vol. IS, no. 4, pp. 256-260. Jul. 1997. ), a proper choice oC the inclina­
tion Bogle 8. between the slotline and micI08trip line leads to a perCect. impedance 
mat.ching without any extra circuitry. One test circuit board containing a cascade 
o( a micr08trip-slotline transition and B slotline-microstrip t.ransition was designed 
and fabricated. The structure parameters are t,. = 2.2, h = 31 mil, IVm = 2.4 mm, 
IV. = 0.35 mm, 8. = 600

, and the slotline length between the transitions is 50 mm. 
The stub lengths oCmicrostrip line open and slotline short are 5.03 mm and 5.75 fUm, 
respectively. The c&.v.ade wa.~ built (or the convenience of mea.'Iuremeot. The mea­
sured characteristiC1!l of the c&.'iCade are shown in Figure 1 aJong with the computed 
results from the network analysis. It is ob .. ~erved that the two results agree reROosbly, 
indicating the validity of the modeling theory. Da.~ on the network analysis and 
wP..aBurement, a linearly tapered slot antenna with antenna Ip.ngth 100 mOl and flared 
angle 100 Ced by an inclined microstrip-sJoUine lranf~ition was designed and fabricated, 
and the return 1098 was measured. Figure 2 shows the broadband characteristics oC 
the antenna. 

~~.:'n~. 
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Full·wave analysis of boxed microstrip discontinuities In 
multilayered anisotropic substrates. 

Rafael R. Boix·(+), Enrique Drake(+), Manuel Homo(+), Tapan K. Sarkar(++) 
(+) Facultad de Ffsica, Avda. Reina Mercedes sin, 41012, Sevilla, Spain. 

E-mail: boix@cica.es. Telephone number: 34·54552891. Fax: 34·54239434. 
(++) Opt. Electrical & Computer Eng., 121 Link Hall, Syracuse NY 13244. 

Many materials used as substrates for microwave integrated circuits or 
printed-circuit antennas exhibit dielectric anisotropy [N. G. Alexopoulos, IEEE· 
MIT, 10, 847·881, 1985J. Although many papers have been published dealing 
with the full-wave characterization of microstrip discontinuities on isotropic 
dielectric substrates, there are very few references in which the analysis of 
rnicrostrip discontinuities on anisotropic dielectric substrates is addressed [So S. 
Toncich et ai, IEEE-MIT, 12,2067-2073, 1993][Y. Chen et aI., IEEE-MIT, 10, 
1945-1950,19941· 

In this work the authors obtain the frequency-dependent scattering 
parameters of several boxed microstrip discontinuities in the case in which the 
metallizations are embedded in a multilayered substrate consisting of dielectric 
materials with biaxial anisotropy. As a first step towards the calculation of the 
scattering parameters, the microstrip lines involved in the discontinuities are 
excited by delta-gap generators, and the current densities on the metallizations are 
subsequently detemlined by solving an electric field integral equation via 
Galerkin's method in the spectral domain. Once the currents on the rnicrostrip lines 
are known, matrix pencil method is used for de-embedding the scattering 
parameters as explained in [T. K. Sarkar et aI., Int. Jour. MIMICAE, 3, 135-143, 
19921. The spectral dyadic Green's function for the boxed multilayered anisotropic 
substrate is computed by means of the recurrent algorithm described in IF. Medina 
et aI., IEEE-MIT, 4, 504-511, 19891. A novel technique has been developed for 
the efficient computation of the infinite sumations of infinite integrals appearing in 
the expressions of the elements of Galerkin's matrix. This technique is based on 
the numerical interpolation of the asymptotic behaviour of the spectral dyadic 
Green's function [R. R. Boix et aI., JEWA, 10, 1047-1083, 19961. 

The results obtained by the authors focus on studying rnicrostrip 
discontinuities for which the effect of substrate anisotropy is specially relevant, 
such as coplanar microstrip gaps, microstrip gaps with overlay microstrip 
resonators [E. K. L. Yeung et aI., I, 143-149, 19951, and non-coplanar overlap 
rnicrostrip gaps [M. J. Tsai et aI., 3, 330-337, 19971. All these microstrip 
discontinuities appear in bandpass microstrip filters, and these filters might operate 
out of the expected frequency band if substrate anisotropy were neglected when 
designing the filters. 
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Microstrip bandstop filters based on capacitive crossover 
coupling: theory and experiment 

Jesus Martel·, Francisco Medina, Manuel Homo 
Microwave Group, Opt. of Electronics and Electromagnetism, 

University of Sevilla, Avda. Reina Mercedes sIn. 41012. Sevilla. Spain. 
E-mail: medina@cica.es. Telephone number: 34-54552891. Fax: 34-54239434. 

Bandstop filters can be implemented in a simple way by using shunt stubs 
along a transmission line (G.L. Matthaei et al.. Microwave Filters ...• Artech 
House. 1980). However. this design presents some problems when microstrip 
technology is used. in particular if we are dealing with relatively narrow band 
filters (D.M. Pozar. Microwave Engineering, Addison Wesley, 1990). In these 
cases the required values of the characteristic impedances of the stub resonators 
often become too high to be realized in practice (because they lead to extremely 
small strip widths). In this communication, the authors propose a microstrip 
bandstop filter configuration which is essentially based on the same idea 
underlying the conventional slub resonator filter. However. the new configuration 
makes it possible to avoid the aforementioned limitation. In this filter. instead of 
shunt connected stubs. we use capacitively coupled resonant microstrip sections 
(C. Person et al .• European Mic. Conference. pp. 1176-1180. 1992). Crossover 
coupling is provided by printing the main line and the resonators on both sides of 
the same substrate. This structure is placed on another dielectric layer with one of 
its faces metallized and grounded. The thickness of the substrate supporting the 
metallized pattern and its dielectric constant introduces additional nexibility in the 
design. This substrate can be chosen in such a way that the required characteristic 
impedances for the microstrip resonators are achievable with reasonable values of 
the microstrip widths. 

A critical point in the design process of this type of filter is the determination of 
the electrical parameters of the equivalent circuit for the existing crossover 
discontinuities. The series and parallel capacitances of the It-equivalent circuit for 
this discontinuity are computed here by using a simple and accurate quasistatic 
analysis based on the excess charge technique O. Martel et al .• IEEE-MIT, 42, 
pp. 424-432, 1994). This analysis is good enough for the frequency range 
considered in this work and is much less computationally intensive than full-wave 
techniques (J.F. Carpentier et al.,lEE Proc .. pt. H. 142. pp. 275-281. 1995). The 
steps followed in the design process will be detailed in the presentation. This 
design can be carried out by using design charts or by computer optimization. We 
have built and measured two prototypes of third order Butterworth bandstop filters 
(central frequency fc= 6 GHz; BW=15%). The agreement between the theoretical 
simulation of the filter and the measured response is quite good. 
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Interdigital Capacitor in a Multilayered Medium 

• Jean-Fu Kiang and ·Chun-Hsiung Chen 
"Department of Electrical Engineering 

National Chung-Hsing University 
Taichung, Taiwan 402, ROC 

• College of Electrical Engineering 
National Taiwan University 
Taipei, Taiwan 106, ROC 

Interdigital capacitors are widely used in microwave integrated circuits and slow wave 
devices. Usually the dimension of an interdigital capacitor is much smaller than one 
wavelength, hence the quasi-static approach can be applied to calculate its lumped ca­
pacitance. For capacitors with simple condudor geometries, the conformal mapping tech­
nique or moment method in the spatial domain can be used to calculate the potential and 
the associated charge distributions. With complicated conductor geometries, segmenta­
tion technique can be used to treat the capacitor as several simple blocks interconnected. 
The total capacitance is the sum of the contribution from each block with corrections 
accounting for the fringing fields. The empirical rules are usually applied at this stage, 
and the accuracy can be doubtful if the geometrical parameters are too complicated. 

The main contribution of this work is to develop a rigorous solution to calculate 
the capacitance of an interdigital capacitor embedded in a multilayered medium. To 
derive the Green's function in the spectral domain, we first expressed the potential in 
each layer as a two-dimensional Fourier integral. Each spedral component consists of an 
upward decaying part and a downward decaying part. A coupling coefficient is defined 
to simplify the derivation. By imposing the continuity conditions between contiguous 
layers, a Green's function is obtained to expressed the potential distribution in each layer 
in terms of the charge distribution on the conductor surfaces. 

Next, the method of moments is applied to solve for the charge distribution from which 
the capacitance is obtained_ The self terms are extracted and calculated in the spatial 
domain to accelerate numerical convergence. The factors analyzed include the layered 
thickness, permittivity. finger number, finger width, slot width, and so on. 
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Closed form solutions for the coupling integrals of an 
elliptic-to-rectangular waveguide junction 

K.L. Chan· aud s.n. Judah 
Dept. of Electronic Engineering, University of lIull, lIull, IIU6 7nX 

A concentric waveguide junction formed by a larger elliptic waveguide and a smaller rect­
angular waveguide is analysed using the mode matching method. Oy expressing the modal 
fields in the elliptic waveguide in terms of trigonometric functions, closed form expressions for 
evaluating the coupling integrals are derived. 
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Expressions for converting the Mathieu fUlictioIJs to trigonometric series are not available in 
the literature, however, by means of an integral relationship between Mathieu functions and 
trigonometric functions, we obtained expressions that evaluate the product of a radial and a 
circumferential Mathieu functions as a trigonometric series. For instance, 

ji(-1)P N-l 

J'2p(h, u)S'2p(h, v) E! --N L cos(iJcos(kD)z)cos(iJsin(kD)y)S'2p(h,kD) 
2 >;0 

where D = *' S(,) and J(,), are the circumferential and radial Mathieu functions, respec­
tively, iJ = hi where I i. the semi-focal length of the elliptic waveguide. 

Enforcing the boundary conditions at the junction plane, followed by the mode matching 
procedure, we get a modal coupling equation for the tranverse electric fields as 

[ aTE] _ [[JI] [K] 1 [ bTE 1 
a™ - [G] [F] pM 

where a, b are the modal coefficients or the elliptic and rectangular waveguides respectively, 
Hmnp" K mnp, Gmnp, and Fmnp, are respectively the TE-TE-mode, TE-TM-mode, TM-TE­
mode and TM-TM-mode coupling coefficient •. K mnp, is always equal to zero, which i. well­
known, and the other coupling coefficient. can be evaluated by a general form 

N-l 

X mnpq = NnlnNp9 L =mn,1r fl, 
'=0 

where n is a function of the waveguides dimensions and cutoff-wavenumbers, and it has different 
forms for different types of coupling coeffici.nts, ::: is the series coefficient that arises from the 
conversion oC Mathieu functions to trigonometic functions and has the form 

_ r;(j)m 
:'mn .• = V'iNSm(hm",kD) 

The closed form solutions obtained are h<'i"ful for lhe rapid computation of the coupling 
coeffirients and this is invaluable in the design of dual mode waveguide filters etc., using 
elliptic apertures. 
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A Krylov Subspace Based Solution to the Dielectric 
Waveguide Junction Problem' 

KALAllIlAR RAIlIIAKRISIINAN' AND WI;N<l CliO CII~W 

C~NTI;R FOR COMI'UTATIONAI. ELI:CTROMA<lNETlCS 

Dt:I'AR'1 M~:N'I' OF EI.J.:CTH.ICAI. ANn COMI'UTt:ll ENGlNH:ltlNG 

VNIVI:IlSITY 01' ILI.INolS 

VIlHANA, 11.61801 

Prior to the advent of digital computers, analytic and variational techniques 
were used to analyze waveguide discontinuities. More recently, with the develop· 
ments in the computational power of the computer., such discontinuities are rou· 
tinely studied using numerical techniques. 

In this paper, we use a Krylov subspace based algorithm to solve for the reflected 
and transmitted field from a dielectric waveguide junction. The finite difference for· 
mulation is used to obtain a governing eqllation based on the transverse component 
of the vector Wave equation. The resulting equation can be expressed as 

[)1 
l,E, + [)z2E, = s6(z), 

where £, is a linear operator. The generalized formal solution for such an equation 
in terms of operators is 

E = ~rt . /z!i.l.s . , 2i e 

In the presence of a junction, the field on either side of the junction can be written 
as 

1 .,.._lZ~ -Z~ d 
E1'=2iL2/·e' -;l",.a:·T I1 'e' h '81' 

The transverse electric field components can be used to derive an expression for the 
transverse magnetic field components. Then, by matching the tangential electric 
and magnetic field at the interface, we can obtain an expression for the reflected 
and transmitted field from the junction. 

In the above expressions, £1, and £2, are represented by large, sparse asym· 
metric mat rice •. Carrying out matrix operations on large matrices i. impractical in 
view of the high complexity involved. 1I0wever, by using a Krylov Buhspace based 
algorithm, the sparsity of these matrices can be exploited to reduce them into a 
matrix of much smaller size. In view of the asymmetric nature of the matrices, the 
bi·Lanczos algorithm is used to reduce the large matrices (N x N) to a tridiagonal 
matrix (AI X At). Typically At scales as .;N. By using these tridiagonal matrices 
in place of the large matrices, the algorithm can be carried Ollt at a complexity of 
just O(NI.5). 

'This work was • .,pported by the MIIRi Program under grant F49620·96-I-0025, the 
NSF IInder grant ECS 93-02145, and the ONR under grant NOOOI4-95-1-0872. 
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Virtual Reality Based System for Monitoring Electromagnetic 
Influences on Humans in Cellular Telecommunications 

Ololoska-Gagoska L., *Loskovska S., Kacarska M., Grcev L. 

University "Sts. Kiril and Mctodij", Faculty of Electrical Engineering 
Karpos II bb, 91000 Skopje, Macedonia 

.-mail: suzc@ercb.mf.ukim .• du.mk 

With the enormous increment of supply and the growing use of electricity, in the re­
cent time, there has been comprehension that the electric and magnetic fields (EMF) 
arising from the supply and use of electricity, may have adverse effects on human 
health. Furthermore, there has been an increasing public concern about the health risk 
of EMF waves emilling from cellular devices. Naturally, this awareness has spawned a 
growth in the wireless communications arena. Because portable handsets operate in 
close proximity to a human being, one particularly important consideration involves 
the interaction of the radiated EMF fields with the nearby biological tissue (S.P.A. 
Bren, IEEE Eng. in medi. and biology, 109-115. MaylJune 1995). To support Ihe bet­
ter understanding of EM influences, a system for monitoring EM influences on hu­
mans in living and working environments is underdevelopment. The system based on 
virtual reality (VR) offers to user to create and to investigate working and living envi­
ronments. and to make judgments about the functional characteristics of devices 
placed in them. Additionally it considers the influences of EM processes to humans, 
synthesizing performances of 3D graphics interfaces with mathematical methods for 
determination of human's exposure parameters to EM fields. 

The paper will present the visualization of EM influences on a human head while 
the cellular phone is used. A fundamental parameter when discussing the health risks 
of EM power absorption in the human body is the specific absorption rate (SAR). The 
SAR is the mass-normalized rate of EM energy absorbed by the body. At a specific lo­
cation (x,y.z) SAR may be defined by: SAR=ol EI 'ip [Wig). where a is the tissue 
conductivity. p is the tissue mass density, E is the RMS value of the total field strength 
in the body. 

In our near-field simulations, the scatlering object is the human head, modeled by 
cubic cells with equal cell size with inhomogeneous dielectric constant and conductiv­
ity. The radiation source of the cellular device is modeled by an equivalent dipole an­
tenna radiated a power of 0.6 W at frequency of 900 
MHz. For numerical computations of the electric field 
and SAR distribution the finite difference approach is 
used. 

Obtained results are similar like those report in the lit­
erature. The maximum SAR of 1.48 mW/g induced in the 
head is found for the distance of 2 cm, which is below the 
protection value of 1.6 mW/g for the ANSUIEEE stan­
dards. The Figure I show SAR distribution obtained on 
the horizontal section of the human head model. 
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MULTIELEMENT TOP-LOADED VERTICAL ANTENNAS WITH MUTUALLY 
ISOLATED INPUT PORTS 

H.D.Foltz. J.S.McLean. E.Guzman. G.E.Crook 
Electrical Engineering. The University of Texas - Pan American 

1201 West University Drive. Edinburg, TX 78539 

In full-duplex communications systems. it is desirable to maintain high isolation between 
the transmit and receive channels. Most of this isolation is obtained through the use of 
filters and duplexers; however. the filter/duplexer requirements can be relaxed if separate, 
mutually isolated antennas are used. On the other hand. compact, colocated antenna 
structures are desirable for mobile, handheld. or portable operation. 

One structure which can provide high isolation at a specified frequency consists of two or 
more vertical elements over a ground plane and under a single top-loading plate. as 
shown below. The geometry is similar to a folded antenna, but in this case each element 
is given a separate input port. It can be shown that in order for the ports to be isolated, 
both loop mode and monopole mode radiation must be present. The top plate serves the 
dual purpose of closing the loop and providing capacitive loading to allow alignment of 
the loop and monopole mode responses. 

Design rules will be presented, along with measured data for input impedance, port-to­
port isolation, efficiency, and radiation pallems. Experimental data on isolation 
degradation in the presence of nearby scallerers will also be presented. 

290 



POLARIZATION-AGILE WIRE ANTENNA ELEMENTS 

Steven S. Gearhart 
University of Wisconsin-Madison 

Madison, WI 53706 
gearhart@engr.wise.edu 

A new polarization-agile wire antenna element is presented. A polarization-agile antenna 
may be thought of as two orthoganally-polarized antennas that are isolated from each 
other. Using these two orthogonal antenna, a signal of any polarization may be 
transmitted through control of the relative magnitude and phase of the signal that is fed to 
each individual element. In this case, a single wire antenna with four feedpoints is used 
as the polarization agile antenna element. If feeds I and 2 are connected together and 
feeds 3 and 4 are connected together, the antenna radiates in the dipole mode. As 
expected, the radiation pattern of the dipole mode is polarized parallel to the antenna and 
the antenna the first resonance occurs at a frequency where the antenna approximately a 
half of a wavelength long. If feeds I and 3 are connected along with feeds 2 and 4, the 
antenna radiates in the slot mode. The slot-mode radiation pattern is polarized 
perpendicularly to the wires of the antenna and is resonant at a frequency where the 
antenna is 0.8)", long. A polarization-agile wire antenna with a length of 48 cm and a 
width of 8 cm has dipole-mode resonant frequencies of 2.37 and 7.33 GHz with 
respective impedances of 50 and 63 0 according to NEC2. Note that only the low­
impedance I" and 3'" resonances of the dipole mode are considered. The first low­
impedance (170) slot mode resonance occurs at 4.90 GHz. The resonant frequencies of 
the slot and dipole mode must converge for the antenna to be polarization agile at a given 
frequency. It has been found that the resonant frequencies and impedances of the two 
modes may be tuned using a shorting pin. Placing shorting pins 13.6 cm from the center 
of the antenna results in a resonant frequency of 7.07 GHz for both the dipole (82 0) and 
the slot modes (60 0), making this antenna ideal for systems that require polarization 
agility. The theoretical cross-polarization levels of the polarization-agile antenna with 
shorting pins are -18dB for the slot mode and -34 dB for the dipole mode. The antenna 
may be fed using four coaxial cables connected to a ground plane one-quarter of a 
wavelength behind the antenna element. In addition to limiting the radiation to one half 
space, the ground plane may be used to reduce the cross-polarization in the slot mode. 
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Mode 0 Spiral Antenna Analysis & Design 

M. A. Acree* & V. P. Cable 
Lockheed Martin Skunk Works 

Palmdale, CA 93599 

Recent experimental work by Wang, et al. [AP-S Symp., 
ses. 95-6, Montreal, 1997] has shown that monopulse type null 
patterns are easily achieved from a 2-arm spiral by feeding 
both arms of the spiral with the same amplitude and phase 
referenced to the groundplane (mode-O). This straight forward 
approach seems ideally suited for creating a wideband 
monopulse antenna for circular polarization using mode-O & 
mode-1. Potential DF applications which depend on a single 
small aperture with wide bandwidth and monopulse operation 
would benefit from the simplicity of such an antenna. However, 
experiments by Wang, et aI., have indicated that the mode-O 
spiral bandwidth was only a fraction of the mode-1 bandwidth 
normally attributed to a spiral. 

This paper presents numerical & measured results for an 
improved monopulse spiral using mode-O & mode-1 
configurations. Bandwidth performance of mode-O was 
adjusted using geometry and materials changes, and improved 
bandwidth tracking of mode-O & mode-1 was achieved. The 
effects of these changes were investigated using MOM/FMM & 
FDTD numerical techniques, and confirming measurements 
were made on a simple 2-arm spiral breadboard. Data 
showing numerical as well as measured results will be 
presented. Data is also presented for aT-fed mode-O spiral 
which exhibits improved impedance bandwidth characteristics 
over a center-fed circular patch antenna. 
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Bandwidth Enhanced Normal Mode Helical Antennas 

Shawn D. Rogers·, John C. Young, and Chalmers M. Butler 
Department of Electrical and Computer Engineering 

105 Riggs Hall. Clemson University, Clemson, SC 29634-0915 

Many modern wireless communication systems require low-profile antennas. To 
meet this requirement. we consider the helical antenna operating in the normal mode. A 
normal mode helix and a straight wire antenna having approximately the same wire length 
exhibit similar input impedance and far field pallerns. One drawback to the helix 
operating in the normal mode is that its bandwidth is too limited for many applications. To 
increase the bandwidth. we have considered several potential remedies. one of which is 
discussed in this paper. It is well known that adding additional parasitic straight wires on 
either side of a driven dipole antenna may increase the bandwidth of the dipole (J.L. Wong 
and H.E. King. AP-21. no. 5. 725-727, Sept. 1973). One must be especially careful. 
however. to choose parasitic elements with the proper length and spacing. We use this 
basic idea to increase the bandwidth of the helical monopole. A structure similar to the 
sleeve dipole but applied to the helix has been used to design dual frequency antennas (P. 
Eratuuli. et. al.. Electronics Letters. v. 32. no. 12. 1051-1052. June 1996). The helix and 
its helical sleeve are both driven in the antenna of this reference. Several novel antenna 
structures are considered such as a driven helical antenna adjacent to parasitic helices and 
straight wires. Another candidate structure consists of a driven helix with helical parasites 
inside or outside of the driven element. which has the added benefit of conserving space. In 
any case. due to the large number of parameters in a helix. it is more difficult to design a 
broadband sleeve helical antenna than is the case for a sleeve dipole. It is not feasible to 
obtain optimum values of parameters by trial and error. Thus we employ a genetic 
algorithm routine (D.L. Carroll. A FORTRAN Genetic Algorithm Driver, 
hllp:llwww.staff.uiuc.edul-carroIVga.html) and efficient integral equation solution 
techniques to optimize the antenna system for bandwidth. Having an efficient numerical 
solution technique is necessary for this problem since the geometry of the antenna is 
redefined for each structure evaluated by the genetic algorithm. Since these antennas have 
a high degree of curvature. their solutions generally require a large number of unknowns 
for representing the geometry. An efficient solution technique which gets around this 
problem is used (S.D. Rogers and C.M. Butler. APS Symposium Digest. vol. I. 68-71. 
July 1997). 
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Analysis and Design of 
High-Temperature Superconducting 

Leaky-Wave Antennas 

Na Li, Jeffery T. Williams, and David R. Jackson, 

Applied Electromagnetics Laboratory 
Department of Electrical Engineering 

University of Houston 
Houston, TX 77204-4793 

We have developed a new class of leaky-wave antenna by taking advantage 
of the low loss and unique field penetration properties of high temperature (HTC) 
superconductors. These antennas are based upon the concept of creating a radial 
wave guiding structure that has a thin superconducting film through which the 
fields leak. TIle rate of leakage, and hence the radiation pattern, is controlled by 
appropriately tailoring the dimensions of the structure. These high-gain leaky­
wave antennas are ideal for many millimeter-wave point-to-point communication 
applications. Their uniform monolithic geometry greatly simplifies the fabrication 
process, and these antennas do not require a complicated feed network, a simple 
waveguide feed is sufficient. This class of antenna is distinct in that the leakage 
effect upon which they are based is unique to superconducting materials. 
Therefore, the operation of these antennas is dependent upon the use of thin 
superconducting films. As is typical of many leaky-wave antenna designs, the 
radiation patterns of these structures can be scanned with frequency, but since the 
leakage is also dependent upon the intrinsic electrical properties of the 
superconducting film, the patterns can also be scanned with temperature. 

In this presentation we will summarize the transverse equivalent network 
model that we developed to analyze the superconducting leaky-wave antennas, and 
we will present closed-form e)(pressions that can be used for design. In particular, 
we will present results for the leaky-wave propagation constant, antenna 
efficiency, radiation patterns, bandwidth, and input return loss. Since these designs 
are most appropriate for the millimeter-wave frequency range, e)(amples will be 
given for 94 GHz designs using YBaCuO superconducting films on LaAIO 
substrates. Particular attention will be given to the radiation and feed 
characteristics of these antennas and those issues most associated with 
applications. 
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USING VOICE-BAND NEAR FIELDS FOR LOW­
PROBABILITY -OF-INTERCEPT COMMUNICATIONS 

Edmund K. Miler 
3225 CaIe Celestial, Santa Fe. NM 87501-9613. emIer@popmaI.esa.IanI.gov 

EIectromagnellc-fteId comrnunblllon Is nonnaJ,t basad on ~ far llelds. Wheller In­
tenna near fields mlghl iIsIaad be used tlr Imleckllslance. ~-of.ilIeroept (LPI) 
oommuni:aliln al vOk:e-band frequencies Is \he subject of thls~. S\r8Ighlbward lIlBtf­
sis usilg cklsed-bm expessklilS b the fields of eIectrt: dpoles (EO) !lid ~ ~ 
(MD) suggests that voi:eband-tequency communk:a\kJn CNf1t distances of a Jew 10's of km 
may be ellla. 

PrtlWcilg usefUl eIedromagnetk: fteIds al vok:ebaId ~ on the lIR2 10 1m3 near.fiek! 
COIJ1lOII8nts. Whle the ra:ITaIion fiet! prodLk:8d by 1-10 m size IWJIennas at ULF tequenciIs 
wil be ilsIgnlbnl becaJse of the (lb • .'f fal off. the total IeId can nlRI8iI subslanllallB­
cause of the l88Ctive near fiet!. For 8laIIJ1lIe. one cause of the buzzilg laud on a car nd:l 
as lhe vehCIe travels i'lthe vlci'lly of a 6O-Hz JXlWf1t Ii'Ie may be the near IeIds which rapiIf 
alenuale i'I volume as the vehicle moves fINlY from the 1i1e. 

In COIIStlemJ the possllllty of usilg ULF br lP11XlI11I1IUIlk:a CNef a lmiled 1'8/91.. Is 
i'lslructtie 10 examile the llat! expI8SSklns b a short electric dpole !lid a smalllllQleti: 
bop. as c:andkIIEs b transmldng antennas. I.Jst1g stII1dard 8lqlI'9SSklns tlr their fieklS ad 
~.!IId IISSIInirJ that WI electrk:-fieId strength of -10 JlVlm proykIes a usable sa­
nal, • can be shown lIIat the potential range In rnelers varies will the antenna parameters as 

f _( .5x104yoL2 )1/3 _ 2~VoL11/3 
ED (Ios(Ua) _ I] 

fWD _( 29xlOllV002 )1/3 _ 160.6(1oU)11J 
ad 00(1.o&(40/a) - 1]12 + lo'Rt ... ) 

br an EO of length Lad MD of dlarneEr D. respectlvet,'. wlh a \he wire roolus, Vo the excI­
IaIbn voIage !lid Am; the reslstwe loss i'lthe bop (assumed zero here) tlr which some 18-

suHs are shown below. 

E 
~ 

~ 

100 MD. 0_ 25m- ED. L _ 25m 
MO.D-5m _ ED,L-5m 
MO,D_ 1m - ED,L_Im 

10 

~ I 

.I-==-_____ ~--.... 
100 1000 10000 

Vorl 

295 

i i 



RADIATION OF THE SHIELDED SPHEROIDAL ANTENNA 

E.D. Vinogradova* & P.O. Smith 
Department of Mathematics, University of Dundee, Dundee, Scotland, UK 

We analyse the radiation characteristics of a spheroidal antenna, modelled as a 
perfectly conducting spheroid excited by a voltage applied across a narrow 
circumferential slot, in the presence of a metallic spheroidal screen having two 
circular holes (see Fig.). The investigation uses a rigorous solution of the 
corresponding mixed boundary-value problem for Helmholtz equation. Solving 
the canonical problem makes it possible to study the influence of the screen on 
radiation features of this class of spheroidal antennas. 

First the problem is reduced to the analysis of triple series equations with 
kernels employing prolate spheroidal angle functions, which depend on angle and 
wave parameters. Using features of these functions, the equations are reduced to 
ones involving kernels employing associated Legendre functions of the first kind 
involving only the angle parameter, and then to dual series equations containing 
Jakobi polynomials. Regularisation via Abel's integral equation technique finally 
reduces the problem to two independent Fredholm matrix equations of the second 
kind for the odd and even Fourier coefficients of the diffraction field. This 
transformation from a system of first kind to one of second kind provides the 
basis for an accurate and rapidly computable numerical solution obtained via 
truncation to a finite dimensional system. 

Several features of this antenna can be varied, including the location of the 
feed, the shape (spherical to practically cylindrical depending on major to minor 
semi-axes ratio), and size and position of the outer screen. The frequency 
dependence of radiation resistance and far-field radiation pattern is investigated, 
and attention is focused on resonance properties over a wide band of frequencies. 

Fig. I. 
Spheroidal antenna with circumferential 

As well as the intrinsic interest of the 
radiation characteristics of this class of 
antenna, this rigorous solution of a new 
canonical scattering problem provides a 
valuable benchmark for validation of 
more general purpose numerical codes. 

slot excitation and open spheroidal shell screen. 

* Visiting Research Fellow from: Institute of Radiophysics & Electronics, 
Kharkov, Ukraine 
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Linear Analysis of Two Injection-Locked Active Antennas 

Cheng-Cheng Hsiao and Tah-Hsiung Chu' 
Department of Electrical Engineering. 

National Taiwan University. Taipei. Taiwan. Republic of China 
Tel: 886-02-23635251 ext. 541. Fax: 886-02-23638247 

E-mail: thc@ew.ee.ntu.edu.tw 

Injection-locked oscillator is an approach to stabilize an oscillator by impressing a 
small external signal. The formulation on analyzing its locking performance was 
firstly described in (R. Adler. Proc. IEEE. vol.61. no. 10. pp.1I80-1185. 1973). 
Recently. the injection locking technique is extended to synchronize an active antenna 
array for power combining or beam steering application. The design of an injection­
locked active antenna array then requires to consider the effects of mutual coupling. 
each oscillator parameters and the injection signal strength to the locking performance 
of an injection-locked active antenna array. 

In this study. we will present the formulation to linearly analyze the locking 
performance of two injection locked active antennas. Each active antenna consists of a 
FET oscillator. The injection signal can be applied to the gate port of FET as the 
transmission type injection or to the drain port of FET as the reflection type injection. 
Based on the connection-scallering method (K.Gupla. R. Garg and R. Chadha. 
Computer Aided Design of Microwave Circuils. Ar/ech House. ch.1 I. 198/). a matrix 
equation to relate the input signals and output signals of each component in the two 
injection-locked active antennas is formulated. In this matrix equation. the antenna 
mutual coupling effect is represented by a mutual coupling coefficient. The FET is 
represented by its small signal S-parameter. After proper matrix manipulation. one can 
express the each active antenna output signal in terms of the injection signal. mutual 
coupling coefficient. FET S-parameter and the antenna input impedance. From which. 
one can derive an explicit formulation of locking bandwidth of the active antenna and 
effective Q of the oscillator. 

By using the resulting equations. one can study the effects of each active antenna 
parameter. for example. antenna mutual coupling. FET S-parameter. feedback network 
or antenna input impedance to the locking performance. Numerical simulation will be 
presented. This linear analysis approach may be useful to find the explicit formulation 
for an injection-locked active antenna array. 
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Mutual Coupling EtTect on Injection-Locked 
Active Antenna Array 

Yuen-Ren Yang and Tah-llsiung Chu' 
Department of Electrical Engineering, 

National Taiwan University, Taipei, Taiwan, Republic of China 
Tel: 886-02-23635251 ext. 541, Fax: 886-02-23638247 

E-mail: thc@ew.ee.ntu.edu.tw 

An injection-locked active antenna array, with the application for spatial power 
combiner or phased-array antenna, is an array basically composed of modules of 
injection-locked oscillator and associated antenna. Since the antennas are closely 
distributed, the effect from the adjacent modules through antenna mutual coupling 
may change the state of oscillation and consequently vary the array locking capability. 
In (K. Lee and T. Chu, /996 AP-s/URSI Symp. pp.538-541, /996) a circuit model was 
proposed in which the antenna array is represented as an n-port admittance matrix and 
each port loaded with a nonlinear equivalent circuit of injection- locked oscillator. 
However, the calculation to solve these nonlinear circuit equations becomes 
complicated as the number of injection-locked module increases. In this paper. A load 
perturbation method is developed to study the mutual coupling effect on the array 
locking performance. 

In this method all the equivalent external sources due to mutual coupling from the 
neighboring modules are considered as a perturbation of the load admittance of single 
injection-locked active antenna. In other words, one uses the formulation of single 
injection-locked active antenna by modifying its load admittance with a perturbation 
term contributed from mutual coupling. It then reduces the difficulty in the 
convergence problem encountered in a large nonlinear equation array. Both numerical 
simulation and experimental measurement are studied for a two element injection­
locked active antenna array. They are shown that the locking performance is strongly 
dependent of the phase of perturbation admittance. Within a certain phase range, the 
required injection signal strength can be greatly reduced. While outside of this phase 
range, the array locking ability may be lost. 

This load perturbation method is not only useful to quantitatively describe the 
effect of mutual coupling, but also gives the physical inside to interpret the array 
locking capability cased by mutual coupling. 
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A 37 GHz Double- Slot GaAs Active Antenna 
Laurent Desclos, Kenichi Maruhashi*, Mohammad Madihian 

C&C Media Lab., fr Kansai elec. Labs., NEC Corporation, 

Summary : Development of compact identification and abort range 
transmission systems requires integration of the active circuitry with the 
antenna. For millimiter wave range, GaAs is a candidate material for this purpoee (C. Peixeiro, P. Dufrane, Y. GuiIJerme, A. Boulouard, E. Delhaye, 
B. Byzery, 26th EuMC, Prague. 9·12 Sept. 1996). In this paper we report 
the integration oC a double-slot antenna with a 37 GHz range oacillator. 
The structure uses a grounded coplanar waveguide to avoid use of via holea and to optimize the tranaition between the antenna and the active 
circuit. A achematic circuit diagram for the CPWG oacillator and antenna 
is ahown in Fig. 1. The active antenna size is 4mm x 2mm. The oscillator was designed uaing the method previously reported by the authors (K. 
Maruhashi, M. Madihian, L. Deacloa. K. Onda. M. Kuzuhara. IEEE Trans. 
MTT. August 1996) . Both aeparated circuit were designed to be matched 
to 60 Ohm enabling to be tested separately. The slot antenna has a double 
half wavelength slot configuration (Y. Qian. E. Yamaahita,lEEE MTT S. 
Denver. 1996) ,with a aeparation oC 0.7 mm. The length was chosen to 
compromize between gain and GaAa area. The slota are Ced by a coplanar 
waveguide goinl through the center oC each one. The end of the line is 
terminated in a ahort circuit via a capacitor. The active antenna IC was 
fabricated on a a·inch undoped SI GaAs 8ubstrate. The HJFETs used in 
the IC have a late length of 0.11i jU1l and a total gate width of 200 jUD C21i 
jUD timee 8 6olera). The calibration method waa baeed on a time domain 
extraction oC the antenna reaponae - Fil. 2 - to isolate from the 
surroundinl bounces and a reference to a waveguide measurement syatem. The antenna has a 2 dB gain in its normal direction. The output 
power of the oscillator varies between ·4 to 2 dBm for a range of 37.6 to 
38.2 GHz. 
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Scattering from Elliptical Cylinders of Infinite Extent Using the Method of 
Ordered MUltiple Interactions 

Robert J. Adams' and Gary S. Drown 

ElectroMagnetic Interactions Laboratory 

Bradley Departlllent or Electrical Engineering 

Virginia Tech, Dlacksburg, VA 2406\-011\ 

The Method of Ord"r<~1 Multiple Int",,,etions (MOMI) was originally developed to solve 
the problem of wave "ealtering from one-dinll!nsional, exten<led rough "urfaee. having either 
Dirichlet Or Neumann boundary conditions. As originally developed (Kapp and Brown, 
IEEE A&I', 44(5), 711 721, 1996), the metllO<I eon.ists of dL'Composing the propagator 

matrix (1') of the magnetic field integral equation (MFIE) into its lower (L) and UPI"" 
(U) triangular cOlllponent" (I' = L + U). A few simple manipulations then lead to the 
MOM! integral eqllation which is itself a second kind integral equation having the new 
propagator matrix I'AI = (1- U)-I(I- L)-ILU. The MOM! iterative series is obtained 
via straightforward Neumann iteration of the MOMI integral equation. 

The MOMI series hlL' heen shown to be extremely robust for solving the reduced wave 
equation in the presence of an extended rough sllrfaee, with adequate convergence of the 
iterative series typically requiring one or two iterations. The MOM! series ha.. never been 
observed to diverge for this probh,m. For these rea.,ons, it ha., not hL~m necessary to apply 

iterative minimization techniques slIch as the cOlljugate gradient algorithm to the MOMI 

integral '''Iuation. 
In this talk we consider the conditions under which the MOMI ",,,ies ean provide a 

rapidly eonvergent solution to the problem of scattering fmm c/o.,ed PEe ohjects in two 
dimensions. We begin with a straightforward application of the MOMI series to the MFIE 
for a dosed body. It will he shown that, for a proper ordering of the unknowns in the 

MOMI integral equation, the Born term of the MOMI series often provides a very accurate 
approximation to the adual solutiou to the scattering prohlem, even at and near reso­
nance. However, in most (but not all) cases the inclusion of higher order iterates eventually 
produce., a divergent result. 

To "xplain these re.sults we develop a diffenmtial formulation of the MOM I integral equa­
tion. This d"velopment helps explain the convergence prohlems exhihited hy the MOM I 
series when applied to the MFIE for closed hodies. Given this understanding, a comhined 
field formulation is proposed to ameliorate these difficulties and a method for determining 
whkh comhined field formulation is optimal is presented. The difficultie.~ encountered in us­
ing MOM! as initially proposed with a comhined field formulation are also briefly discussed. 
Finally, results are presented for the TE ca."e e1isplaying the rapi<l convergence rates of the 
MOM! series for the combineel field formulation for scattering from elliptical cylinders of 
various size.s having axial ratios in the range of 1-10. 
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Extension oC the Method oC Ordered Multiple Interactions to Integral 
Equations oC the First Kind 

Robert J. Adams· and Gary S. Drown 

Elcc:troMagnctic Interactions Laboratory 

Dradley Department of Electrical Engineering 

Virginia Tec.h, D1aeksburg, VA 24061-0111 

The Method of Ordered MUltiple Interactions (MOMI) was originally developed (Kapp 
and Drown,lEEE A&P, 44(5), 711-721, 1996) to solve the prohlem of wave scattering from 
one-dimensional, extended rough surfa"es having either Dirichlet or Neumann boundary 
conditions. The method .... originally developed ronsists of a simple rec ... ,ting of the magneti<: 
field integral equation (a Fredholm equation of the second kind) into a new second kind 
integral equation with a modified propagator. The robustness of the MOMI series resulting 
from Neumann iteration of this new integral equation hllB been attributed to the manner 
in whic:h the series re-sums important mUltiple scattering terms present in the Neumann 
series for the original form of the magnetic field integral equation (MFIE). 

An es.'lCntial .... pect of the MOMl series .... originally developed is the assumption that 

the propagator's coupling of forward and hadcward directions on the surface is weak and 
"an be acoommodated via deooupled forward and hack ward iterations. The validity of this 
"''I..umption is horne out hy the rohlL.tness of the MOMI series .... applied to the magnetic 
field integral equation. In terms of the kernel function of the MFIE, this coupling is weak 
hecause, once the limit is taken in whir.h the observation point approaches the surface, the 
remaining kernel function is nonsingular. This is physically attrihutahle to the fact that the 
magnetic field near a ron..tant-current sh,,,,t is finite (i.e., the singular contrihutions cancel). 

In this talk we consider the modifi(!ations of the MOMI series necessary to achieve 
a similar decoupling for first kind integral "'Iuations. Unlike the kernel function for the 
MFIE, the kernel fund ions of the electric field integral equations (EFlEs) in two dimensions 
!:ontain nonremovahle singularities. We demonstrate that dir",:t applic:ation of MOMI to 
these integral "'l'lationB leads to iterative series which are much less robust than the MOMI 
series for the MFIE. Among otlUlrs, the ronvergent:e properties of the rP.8ultant series depend 

on the size of the discretization iuterval. 
These results suggest that a method for l1I:hieving a more rolllL.t series L. to deoompose 

the propagator matrix a.. P = L + B + U where B is a banded matrix (having a hand width 
on the order of one wavelungth) instead of the demmposition P = L + U suggested hy K app 
and Braum. This new decomposition of the propagator matrix then lead. to a modified form 
of the MOMI series. We note that this modifi",1 SI,ries is different from the straightCorward 

inclusion of a nonzero diagonal term in the propagator matrix. Finally, the convergence 
properties of the resultaut MOMI series are illustrated for a variety of rough surfaces. 
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Implicit Solution of Time Domain Integral Equation -
Application to Three Dimensional Bodies 

S. M. Hao*, Department of EE, Auhurn University, Auburn, AL 36849. 

T. K. Sarkar, Department of ECE, Syra("\lse University, Syracuse, NY 13244. 

In this work, we develop an implicit solution to calculate the transient scattering 
from tim'" dimensional conducting hodies of arbitrary shape illuminated by a tran­
sient electromagnetic plane wave. Starting from Maxwell's equations and using 
equivah!Jlce principle, a time domain integral equation for a conducting scatterer 
may be developed, given by 

Ir r'l AJ(r'.1 - ---) = F(r,l) 
c 

(I) 

where A represents the integro-diiferential operator, J represent. the indur.ed cur­
rent on the conductor and F(r, I) represents the known excitation field. Also in (I). 
r. r', and c represent the location of the observation point, location of the source 
point, and wave speed of the electromagnetic wave. For a numerical solution, we 
divide the structure into a suitable grid, the time axis into equal intervals At. and 
denote tj = jAto j = 0,1,2 ..... 00. Then, at r = rm and t = In, (I) may be written 

a." 
, Irm -r'l 

AJ(r .tn - --c--) = F(rm.ln) 

which can be rewritten in the following form, given by 

where 

A ' Iron - r'l , Irm - r'l) ( ) IJ(r .tn - ---) + A2J(r ,tn - --- = F rm.tn 
c c 

if Irm;r'l < At 

if jrm ;r'l 2: AI 

(2) 

(3) 

(4) 

Note that in (4), the currents for the operator A2 are retarded in time. by at lea..t At. 
and hence are known. Here we a.'sume that the Cllfnmts are known until t = tn-l 
while solving for the currents at t = In. 

Now. for the explicit scheme, we choose At '5 ~ where R,nin represents the 
minimum of all the di.tanr ... .s betw.",n any two distinct observation points in the grid 
scheme. In contra.qt, for the implicit ",:heme, we choose At > ~ which results 
in a sparse matrix for the operator A 1 and the sparsity of the matrix depends on 
the dlOice of At. Although the implicit method requires a storage and inversion 
of a sparse matrix. the method is superior to the explicit scheme since thp results 
are unconditionally stahle. F\lrther. the implicit method is more effieient since, in 
general. a relatively larger time step is utilized. Numerical results will be presented 
for several geometrical shapes and compared with other data. 
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TIME DOMAIN INTEGRAL EQUATION-FINITE DIFFERENCE 
MODELING OF COMPLEX ANTENNAS AND FEED NETWORKS 

Kemal Aygiin', Stephen E. Fisher, Arif Ergin, Balasubramaniam Shanker, 
and Eric Michielssen 

Center for Computational Electromagnetics 
Department of Eledrieal and Computer Engineering 

University of Illinois at Urhana-Champaign 
1406 W. Green St., Urbana, IL 61801 
e-mail: kaygun@decwa.ece.uiuc.edu 

Time domain integral equation (TOlE) based methods have been used previ­
ously in the analysis of transient electromagnetic scattering and radiation phenom­
ena. They are often preferred over finite differell<:e time domain (FDTD) techniques 
bec.ause (i) they only require a discretization of the scatterer surface, (ii) they im­
plidtly impose the radiation condition, and (iii) they are devoid of grid dispersion 
errors. 

In this paper, a novel algorithm is presented for analyzing transient radiation 
from complex antennas that consist of multi element broadband wire radiators 
mounted on arbitrarily shaped three-dimensional conduding hodies. The algorithm 
simultaneously I:haracterizes the antmma's transient radiation propertie •• and feed 
network performance using a hybrid integral equation- finite difference scheme. 

The transient currents on the wire and surface radiator are computed using 
a Mardting- On-in- Time (MOT) algorithm. Uoundary conditions on the electric 
fidd are enforced on open surf",;es and wires, while houndary conditions on the 
magneti<: field are imposed on ch.ed surf""e ••. The resulting ek~,tric and magnetic 
field integral equations are discretized by a sophisticated and stahle MOT algorithm 
that handles interactions hetween different types of basis functions for modeling 
currents on the surfaces, wires, and surface-wire junctions. 

The wire array is fed IL.ing a complex transmis..ion line feed network that is 
modeled wing a one dimensional FDTD sdteme. Coupling between the feed network 
and the exterior antenna is accounted for in a self (,onsistent manner. The resulting 
hybrid MOT- FDTD scbeme simultaneously solves for both the antenna and feed 
network currents at e""h time step. 

The above algorithm has been applied to the analysis of brOa<lband r",liation 
from log--periodic lJlonopole arrays mounted on complr.x wedge -like platforms that 
arc f.~1 wing impedance modulated feeders. The transient antenna currents and 
radiation fields have heen ""mputed and validated against Fourier transformed fre­
quency domain data. Results illustrating the """'tracy and the efficacy of this tedt­
nique will be pn!Sented. More spl~'ifil:ally, it will he shown that the proposed al­
gorithm is computationally lIIore effident than fre'l'u!IIcy domain tedmiques when 
applied to the analysis of electrically large hroadband r",liators. 
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GREEN'S FUNCTION-SURFACE INTEGRAL EQUATION SOLUTION 
OF PLANE WAVE SCATTERING BY BURIED 

INFINITE CONDUCTING CYLINDERS OF 
ARBITRAHY CROSS-SECTION AT 

OBLIQUE INCIDENCE 

Krzysztof A. Michalski 
Department of Electrical Engineering 

Texas A&M University 
College Station, TX 77843-3128 

ABSTRACT 

The mixed-potential integral equation (MPIE) approach (K. A. Michalski, 
Arch. Elek. Ubertragung., 39, 317-322, 1985) is applied to an infinite con­
ducting cylinder of arbitrary cross-section, buried in a multilayered planar 
medium and excited by an obliquely incident plane wave. Two implementa­
tions of the MPIE are compared: the original one (K. A. Michalski and D. 
Zheng, IEEE Trans. Antennas Propagat., 38, 335-344, 1990), in which the 
so-called correction factor, which arises in the case of non-planar conductors, 
is incorporated in the vector potential kernel, and the modified one (K. A. 
Michalski and J. R. Mosig, IEEE Trans. Antennas Propagat., 45, 508-519, 
1997), in which this factor is merged with the scalar potential term. The ad­
vantage of the latter approach is that the spectral integral associated with the 
correction factor converges faster than that arising in the original formulation. 

The spectral integrals that arise in the MPIE kernels are evaluated using the 
partition-extrapolation technique (Squire, Int. J. Computer Math., B-5, 81-
91, 1975), in which an infinite integral is computed as a sum of a series of partial 
integrals over finite subdomains, accelerated by an extrapolation method. 

As in the corresponding propagation problem (K. A. Michalski and D. Zheng, 
IEEE Trans. Microwave Theory Tech., 37, 2005-2010, 1989), in the case of 
oblique incidence the field structure is a hybrid combination of fields transverse­
magnetic (TM) and transverse-electric (TE) to the cylinder axis. Conse­
quently, both the longitudinal and transverse surface currents are excited. 
Only for norlllal incidence the TM and TE parts of the problem become un­
coupled. 

The MPIE is solved for the induced longitudinal and transverse surface cur­
rents by a method of moments procedure using first- and second-order subsec­
tional basis functions. From the induced surface currents, the far-field radia­
tion patterns are computed. 
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Electromagnetic Coupling Through Narrow Slot Apertures Into a 
Half-Space Containing a Conducting Element 

Brian A. Lail and Steven P. Castillo 
The 1(lipsch School of Electrical and Computer Engineering 

New Mexico State University 
Dept. 3·0, Box 30001 
Las Cruces, NM 88003 

Coupling to wires via narrow slot apertures is of interest in general eleclro­
lIlagnetic interference and cOlllpatibility problems. III this paper, we consider 
electromagnetic penetration of narrow slot apertures with depth and width 
when a finite-length thin wire is present in the conpled region. Slot depth 
and width is accounted for with an equivalent antenna radius (L.ICWarne 
and ICC. Chen, IEEE Trans. AP 37, 824-834, 1989). This approach has been 
verified experilllentally (A. Taranto, M.S. thesis, NMSU, 1990). Addition­
ally, coupling into complex cavities through narrow slot apertures has also 
be.m studied (ItI). Je<IIicka, Ph.D. Dissertation, NMSU, 1995). In this work 
an inddent plane wave <:ouples into a half space .:ontaining a finite-length 
thin wire. 

The physical problem consists of an infinite ground plane containing a 
narrow slot aperture having depth and width located at the origin, a finite­
length thin wire displaced distance (, from the ground plane, and an incident 
plane wave. An e'luival .. nt problem is derived using equivalence and image 
theory. In the equivalent problem the ground plane and aperture are replaced 
with an e<luivalent magnetic dipole. Indu<:cd eledric currents and th .. ir im­
age arise from the wire. Boundary nmditions are applied at the ground plane 
and the wire to arrive at two governing int .. gro·difTerential equations. These 
e'luations are coupled with the unknowns being equivalent magnetic cnrrents 
along the aperture and induced electric currents on the wire. The Galerkin 
techni'lue yields a matrix e<luation form that is solved for the currents. Fi­
nally, the con pled fields are determined from the currents. 

Of interest in this work is the peak coupling to the wire as a function of 
frequency. We will present results that illustrate the effects of slot width, 
length and depth, along with wire length, on the peak coupling as the fre­
quency is varied. 
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OUR EXPERIENCES WITH OBJECT ORIENTED DESIGN, FORTRAN 90, 
AND MASSIVELY PARALLEL COMPUTATIONS 

W. A. Johnson", R. E. Jorgenson, , L. K. Warne, Dept., 9735, Sandia National, 
Laboratories 
J. D. Kotulski, Dept. 9352, Sandia National Laboratories 
J. B. Grant, R. M. Sharpe, N. J. Champagne, Electronics Engineering Department, 
Lawrence Livermore National Laboratories 
D. R. Wilton, D. R. Jackson, Dept. of Electrical and Computer 
Engineering,University of Houston 

EIGER (Electromagnetic Interactions GeneRalized) is a general purpose 
frequency domain electromagnetics code aimed at integrating a variety of 
frequency domain analysis methods into a single package. The code suite consists 
of a pre-processor, computational engine, and post- processor. FORTRAN 90 and 
object oriented design have yielded a computational engine, with great generality, 
flexibility, and extendibility. The capabilities to treat, surfaces, wires, wire­
surface junctions, multi-layer media, periodic structures, discrete body of 
revolution symmetries, surface curvature, and dielectric media are present as well 
as the flexibility to choose different integral equation operators. 

The topics of interest include: how the abstract object oriented design and it's 
FORTRAN 90 implementation have allowed for great generality and flexibility in 
the computational engine; how this approach has simplified the addition of new 
features; and our experience in porting and running this code on both serial, and 
massively parallel computers. 

An example of the code's generality is the introduction of two sided elements to 
enhance the dynamic range of coupling problems. Extension of capabilities is 
illustrated by addition of discrete body of revolution symmetry and sub-cell 
models for thin slots. A static code has also been developed within this 
framework to model micro-electro-mechanical systems. This code includes static 
integral equations, finite elements, and hybrid finite element-integral equation 
treatments. 

Sample problems will include antenna systems, frequency selective surfaces, 
layered media, and coupling. 

Sandia is a multi program laboratory operated by Sandia Corporation. a Lockheed Martin Company, for the 
United States Department of Energy under contract DE·AC04·94AL85000. This work was performed in part 
under the auspices of the U. S. Department of Energy by Lawrence Livermore National Laboratory under 
conll1lCl number W·740S-ENG-48. 
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Matrix Sparsification Using Adaptive Localized Cosine Basis 

in the Method of Moments 

1. Spiegel and Y. Leviatan 

Department of Electrical Engineering 

Technion - Israel Institute of Technology 

Haifa 32000, Israel. 

e-mail: leviatan@ee.technion.ac.il 

A new approach of matrix sparsification is used in conjunction with the method of moments. 

Here, a library of bases in a tree format, consisting of smooth localized cosine functions, is 

used. The adapted best-basis search procedure is applied with a threshold measure as the cost 

function. This means that the set of basis functions that gives the smallest number of terms 

above a given threshold level is chosen. This adaptive transfonn can be seen as an extension 

of the fIXed transfonn used in the impedance matrix localization method (IML) (F. X. 

Canning, IEEE Trans. AP-4I, May 1993). In this search procedure, we start with basis 

functions that are extended over the entire structure and possess high resolution in the 

spatial- frequency domain, and proceed with basis functions that gradually become more 

localized in the space domain but have less resolution in the spatial-frequency domain. At 

each step, we increase the resolution in the space domain by two. The result is that we have 

basis functions associated with a dyadic decomposition of the structure. The best-basis, at the 

end of the procedure, is the one that renders the most sparse impedance matrix according to 

the criterion defmed by the cost function. The hest-basis search ends when no better 

decomposition is obtained, or at a pre-detennined level. 

The new method has been applied to the cases of 2-D scattering by a metallic strip and a strip 

with a crack. In both cases, high sparseness levels have been attained. An interesting point, 

besides the achievement of high sparseness level, is that the best-basis tree rellects the 

geometry of the structure under considerat ion. 
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LOW FREQUENCY CHARACTERIZATION OF A LOOP ANTENNA 

Irene Koukhta, Nikolai Didenko and Edip Niver· 

Electrical and Computer Engineering Department 
New Jersey Institute of Technology 

Newark. NJ 07102 

The conventional solution of an integral solution for the loop antenna in free 

space can be expressed analytically using Fourier series. However. solutions 

based on a delta gap feed model yield divergent results for the susceptance in 

the input admittance. To overcome such diverging results. alternative solutions 

using equivalent magnetic frill current feed models were implemented. 

Although low frequency models for delta gap feed were reported. no generalized 

low frequency expansions for the input admittance have been reported 

previously. In this work. such generalized low frequency expansions are 

developed for both delta-gap and magnetic frill feed models of loop antennas. 

Validity of such expansions around ka = 0 and ka ~ O. where a is the radius of 

the loop and k is the wavenumber. have been investigated and were compared 

with the published results. One other advantage of having such expansions 

limited to only few terms is to associate each term with the equivalent circuit 

parameters such as an input inductance. resistance. capacitance. radiation 

conductance and susceptance of the antenna. 
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Interaction of Electromagnetic Fields with a Material Sample in 
an Energized Microwave Cavity 

Jianping Zhang and Kun-Mu Chen 
Department of Electrical Engineering 

Michigan State University 
East Lansing, MI 48824 

Tel: (517)355-6502, Fax:(517)353-1980 
E-mail: zhangjia@egr.msu.edu 

In the study of the interaction of microwave radiation with non-ionic mate­
rials, a material sample is placed in a cylindrical or a rectangular EM cavity which 
is excited with a fundamental cavity mode. We aim to quantify the electric field 
inside the material sample induced by the cavity mode, based on an Electric Field 
Integral Equation (EFIE) through Galerkin's method. 

To analyze this problem, we need an appropriate dyadic Green's function 
for the cavity. The cavity field induces electric charge on the surface of a material 
sample of finite size. Thus, the divergence of electric field does not vanish at all 
points inside the cavity. Therefore, the total electric field inside the cavity can not 
be expanded into simple cavity eigenmodes which are pure solenoidal. Instead, an 
eigenmode with an irrotational electric field is needed in addition. We have derived .. 
an electric dyadic Green's function in terms of three vector wave functions, Lnm/, 

M nml and N nml functions where Lnml function gives an irrotational electric field. 
The same electric dyadic Green's function can be obtained if the derivation is 
based on the magnetic field and a magnetic dyadic Green's function. After the 
appropriate dyadic Green's function is obtained, an electric field integral equation 
(EFlE) for the induced electric field inside the material sample is derived. This 
EFIE is then numerically solved by discretizing the sample into a large number of 
volume elements. 

In the numerical calculation of the EFIE, we have encountered difficulty in 
the convergence of the numerical results. This is due to poor convergence of the 
dyadic Green's function we have employed. To overcome this difficulty, a triple 
summation over cavity eigenmodes is reduced to a double summation using a rela­
tion (Collin, Field Theory of Guided Waves, p.814,1991) to save computation 
time. Also the volume elements of the material sample is divided into two groups, 
interior volume elements and boundary layer volume elements, and the EFlE's in 
different formulations are applied to these two groups of volume elements. This 
scheme accelerates the convergence of numerical results and saves computation 
time. 
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Wire Media as Complex Media with Electrically Large Inclusions 

Charles A. Moses· and Nader Engheta 
Moore School of Electrical Engineering 

University of Pennsylvania 
Philadelphia. Pennsylvania 19104. U.S.A 
Tel: (215) 898-9777. Fax: (215) 573-2068 

E-mail: engheta@pender.ee.upenn.edu 

We recently introduced an idea for Wire Media as a new type of artificial complex 
media. These media can be considered as special cases of electromagnetic 
FeedForwardlFeedBackward (FFIFB) media. which were suggested by us previously (C. 
A. Moses and N. Engheta. "An Idea for Electromagnetic FeedForwardlFeedBackward 
Media: I. Plane Wave Propagation in Axial Direction." presented in the 1997 URSI North 
American Radio Science Meeting. Montreal. Canada. July 13--18. 1997; and C. A. Moses 
and N. Engheta. "FeedForwardlFeedBackward and Wire Media as Electromagnetic 
Complex Media." a talk in the 1998 URSI International Symposium on EM Theory. 
Thessaloniki. Greece. May 25--28. 1998\. A wire medium may be conceptually 
constructed by embedding many parallel. finite-length. identical wire inclusions within 
some host medium; the wires may be placed on a periodic grid or dispersed randomly. 
Unlike some conventional artificial materials for which the inclusions are taken to be 
small compared to the wavelength. in wire media the wire inclusions. all being identical 
in size. are allowed to be of any arbitrary length. from a fraction of a wavelength to 
multiple wavelengths. However. the spatial periodicities (in the case of a periodic 
distribution) are still small compared to the wavelength. Because the wire inclusions are 
permilled to be electrically large. the effective tensoriai material parameters of wire media 
may show interesting dependencies on direction of wave propagation (as well as on other 
parameters; e.g. frequency. wire length. element spacings). In our work we show that 
even though the inclusions may be electrically large. the resulting structure can often­
times still be regarded as a complex medium under certain conditions. 

In our theoretical analysis of electromagnetic wave propagation through wire 
media. we have studied various characteristics and interesting features of wave 
interaction with these media. We have theoretically investigated wave propagation in 
both unbounded and semi-infinite wire media. and have obtained wavenumber surfaces 
for these cases. Our results reveal some of the salient features of wire media and. based 
on these results. we believe wire media may find some potential applications in future 
microwave devices. e.g .• as substrates in printed antennas. as radome for beamforming. 
and as waveguide material for mode control. 

In this talk. we present our theoretical results for wavenumber surfaces in 
unbounded and semi-infinite wire media. We also mention how the knowledge of wave 
interaction with wire media can assist in understanding oblique plane wave propagation 
in FFIFB media. 

314 



Scattering and Knotted Media 

Omar Manuart • and Dwight L. Jaggard 

Complex Media Laboratory 
School of Engineering and Applied Science 
University of Pennsylvania 
Philadelphia. PA 19104-6391 

Background 

t Also Biochemistry and Biophysics 
School of Medicine 

University of Pennsylvania 
Philadelphia. PA 19104-6059 

We previously studied the backscattering of polarized electromagnetic 
waves from individual wire structures in the shape of trefoil knots and related 
unknots [0. Manuar and D. L. Jaggard. Elec. Leu. 33(4). 278-280 (February 
1997)]. The determination of topology of a structure is relevant to biological 
macromolecules. for example. We asked whether we could see the difference in 
the topologies of a knot and its related unknot in the radiation scattered from each. 
We found for the backscattering cross-section at a fixed direction of incidence it is 
the symmetry presented to the incident wave rather than thetoplogy that is of 
primary importance in determining the polarization of the scattered wave. 

Knotted Media 
Here we are interested in groups of knots which together form knolled 

media. We use a range of incidence directions for each given structure and study 
the backscattering at each direction. Averaging over these angles can be 
interpreted as the interaction of waves with a medium composed of identical. non­
interacting knots at different orientations. In addition to backscattering. we also 
consider scattering at a 
fixed angle with respect to 
the incidence direction over 
the same range of incidence 
angles. The figure to the 
right shows an example of 
such a backscattering 
pattern from a trefoil: the 
backscatter is represented 
by the central cushion; it is 
superimposed on the trefoil 
which appears as several 
loops protruding from the 
scattering cushion. 

D' 

-D. 

D' 
-D' -D. 

We summarize the angular scattering information using the Mueller matrix 
formalism. It provides a concise description of the effect of a scattering system on 
a wave in terms of the intensity. degree of polarization. and polarization. From 
first studies. it appears that Mueller matrices may also be used to distinguish some 
trefoils from their untrefoil counterpal1s. 
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Resonant modes or single and stacked circular microstrip patches 
In multilayered substrates containing chiral media. 

Rafael R. Boix*, Vicente Losada. Manuel Homo 
Grupo de Microondas, Departamento de Electr6nica y Electromagnetismo. 

Facultad de Flsica, Avda. Reina Mercedes sin, 41012, Sevilla, Spain. 
E-mail: boix@cica.es. Telephone number: 34-54552891. Fax: 34-54239434. 

In the microwave frequency band microstrip patch resonators are used as 
antennas and as components of integrated circuits oscillators and filters. In antenna 
applications. microstrip patches are commonly arranged in a stacked configuration 
in order to achieve either dual-frequency operation [So A. Long, D. Wallon, IEEE­
AP, 3, 270-273, 1979) or wider bandwidth [A. N. Tulintself, S. M. Ali, J. A. 
Kong, IEEE-AP, 3, 381-390, 1991). Although dielectric materials have been 
traditionally used as substrates of microstrip patches, in the last few years some 
interest has arisen on studying the resonance and radiation properties of microstrip 
patches printed on complex materials such as magnetized ferrites [D. M. Pozar, 
IEEE-AP,9, 1084-1092, 1992) and chiral materials [D. M. Pozar, IEEE-AP. 10, 
1260-1263, 1992), [A. Toscano, L. Vegni, JEWA, 5 , 567-592, 1997) . 
Concerning microstrip patch antennas printed on chiral substrates, it has been 
reported that these antennas have disadvantages because they radiate more surface 
wave power and show higher cross-polarization levels than antennas of the same 
size printed on dielectric materials [D. M. Pozar, IEEE-AP, 10, 1260-1263, 1992). 
However, it has been recently shown that microstrip antennas on chiral substrates 
also have advantages because they present wider bandwidth and bigger directivity 
than similar antennas printed on dielectric substrates [A. Toscano, L. Vegni, 
JEWA,5,567-592, 1997). 

In this work the authors focus on the numerical computation of the 
resonant frequencies, quality factors and radiation patterns of single and stacked 
circular microstrip patches embedded in a multilayered substrate wich may consist 
of both dielectric materials and/or biisotropic chiral materials. In spite of susbtrate 
chirality, the structures analyzed show azimuthal symmetry around the revolution 
axis of the circular patches from and electromagnetic point of view. Owing to this, 
spectral techniques in the Hankel transform domain can be applied to their analysis. 
In particular, Galerkin's method in the Hankel transform domain [K. Araki, T. 
!toh, IEEE-AP, \, 81-89,1981) is used for obtaining the resonant frequencies and 
quality factors of the frrst resonant modes of the circular patches. Once Galerkin's 
method has been applied and the current densities on the patches are known, the 
radiation patterns are obtained in terms of the Hankel transforms of the tangential 
electric field at the limiting plane of the multilayered substrate by meal)s of the 
stationary phase method [K. Araki, T. !toh. IEEE-AP, 1,81-89, 1981). 
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A Comprehensive Study of Discontiuuities iu 
Chirowaveguides 

Thomas Xinzhang Wu· and Dwight L. Jaggard 
Complex Media Laboratory 

Moore School of Electrical Engineering 
University of Pennsylvania 

Philadelphia, PA 19104-6390 

We provide a comprehensive study of two- and three-dimensional discontinuities in 
chirowaveguides. We focus on the effects of discontinuities for metallic waveguide par­
lially filled wilh chiral media. Our procedure is 10 Ireal Ihe disconlinuily problem by a 
multi-mode coupled-mode method. We IISC the eigenfunctions of hollow meta.llic waveg­
uide as basis funclions 10 expand Ihe fields in Ihe chiral media parlially filled region and 
then insert those expressions together with the chiral constitutive relations into Maxwell's 
equations. Using the orthogonality relations of the metallic waveguide. we obtain It set of 
multi-mode coupled-mode equations. In our analysis, we take the nJultimodc equations 
and consider Ihe influence of higher-order modes ralher Ihan usiug only Iwo modes as in 
traditional coupled-mode theory. \Ve diagonalize the coupling matrix whose eigenvalues 
and eigenfunctions are associated with the eigenvalues and eigenfunctions of the partially 
filled chirowavegllide. After matrix manipulatiolls, we obtain a multi-mode scattering 
malrix for Ihe enlire slruclure. From Ihese resulls we find Ihe scallering properlies of 
the discontinuities. 

To check Lhe validily of our method. we ha"e firsl analyzed coaxial waveguide parlially 
filled wilh lossy chiral media. Our resulls are compared wilh Ihose oblained by Ihe mode­
malching mel hod and excellenl agreemenl is found. We have also checked our resulls for 
achiral dieleclric malerial parLially filled reclangular waveguide and excellenL agreemenl 
belween our calculalion and ex peri menIal dala as well as dala from Ihe mode-malching 
melhod is again found. 

Based on olJr analysis, we have numerically calculated the scattering parameters for 
chiral media par Ii ally filled reclangular waveguide and coaxial waveguide as exam pI"". 
We find: (I) Ihe ,;"nsilivily of Ihe scallering paramelers Lo chiralily •• llllillance increases 
a., the chirality admittance incrc8.8(".8; (2) thc dielectric constant has a great influcnce on 
the scattering pararncters~ a.nd (3) for the rectangular waveguide casc, the influence of 
Ihe heighl is always large bullhe influence of Ihe widlh decreases as Ihe widlh iucreases. 
Our resulls are explained by underlying physiral principles. 
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Electromagnetic wave propagation and radiation from a waveguide 
filled with a gyromagnetic uniaxial chiral medium 

Dajun Cheng· and Yahia M. M. Antar 
Department of Electrical and Computer Engineering 

Royal Military College of Canada 
Kingston, Onto K7K 5W, Canada 

Increasing attention has recently been paid to the area of interaction of 
electromagnetic waves with composite materials. In the present study, a concept of 
gyromagnetic uniaxial chiral medium is proposed to generalize the well-studied 
gyromagnetic medium and the uniaxial material with chirality. The constitutive 
relations of this medium can be written as D= I E I'&'- I U'R and 

B= I \.II 'R+ 10 . &'. Here,the permittivity. permeability and cross·coupling tensor 
are lEI =EtII)t+Ez.z.z, 1\.11 =\.ItIIlt+\.Iz.z.z-ig.zxIIlt' and 

I U =i (\.IDE 0 l 1/2 (0 I II t +y. z. zl. In practice, a general form of gyromagnetic 
uniaxial chiral medium can be created by mixing three sets of small metal helices in 
a host gyromagnetic medium (e.g., magnetically biased ferrite), with the axes of two 
sets perpendicular and parallel to the external magnetic field, respectively, and the 
other set distributed in random orientations and locations. In the present study and 
based on the concept of characteristic waves and the method of angular spectral 
expansion, electromagnetic waves in this medium are represented in terms of the 
cylindrical vector wave functions. A dispersion equation is obtained to determine the 
propagation constants of electromagnetic waves in a circular waveguide filled with 
this medium. By ignoring the diffraction effects of the edge, radiation from an open­
end guide is formulated. 

General relations for the propagation constant of the n·th mode are obtained. For 
the lowest order n= I mode, numerical results of the propagation constant and 
radiation pattern are presented, respectively. It is revealed that the axial chirality 
parameter y and off-diagonal parameter g have little innuence on the 
normalized propagation constant k.l ko' respectively. However, k/ ko will 
decrease as the transverse chirality parameter 0 increases. Keeping the constitutive 
parameters as constants, increasing koa would result in greater k / ko . It is also 
found that the uniaxial chirality parameters 0, y would sharpen the halfpower 
beamwidth, respectively, while the off-diagonal parameter g has little innuence. 
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HYBRID SCATTERING BY LARGE OBJECTS WITH CAVITY -LIKE FEATURES USING 
THE FREE-SPACE GREEN'S FUNCTION 

Stuart W. Altizer, John S. Asvestas·, and James M. Stamm 
RF Sensors Branch, Naval Air Warfare Center, Aircraft Division, Patuxent River, MD, USA. 

ABSTRACT 

We will present a new hybrid method for computing electromagnetic scallering from an 
electrically large scallerer. The scallerer is perfectly conducting and its surface (which is very 
many square wavelengths large) has cavity-like features (recesses, grooves, etc.). The cavities 
may be filled with material other than that of the surrounding medium. The geometry of the 
scallerer as well as of the cavities is arbitrary. The incident electromagnetic wave is a plane wave 
that varies harmonically in time. 

Our approach is similar to that in (Jin, J.-M., Ni, S.S., and S.-W. Lee, IEEE Trans. Antennas 
Propagat., 43, 1130-1139, 1995). There, the authors use the high-frequency method of shooting 
and bouncing rays (SBR) on the large part of the scallerer and the resulting field as an input to a 
finite-element method (FEM) for determining the fields in the cavity. This is an elegant method 
and 
appears to yield very good results. As the authors admit, however, it has the drawback that it uses 
a dyadic Green's function that is geometry dependent; specifically, its tangential component must 
be equal to zero on the original scallerer when the entrance to each cavity is covered with a 
perfectly conducting surface. This dyadic is not explicitly known and not easy to compute (even 
approximately) when there are strong interactions among the various components of the scatterer. 

In our approach we also use SBR to compute contributions from parts of the scallerer that do not 
have cavities. For the cavity contributions, however, we use a system of boundary-integral 
equations. These equations are derived from integral representations of the fields both in the 
cavities and exterior to them. Moreover, they are defined on the walls of the cavities and on the 
imaginary surfaces that cover the entrances to these cavities. The system of integral equations 
can be solved numerically using boundary elements. Besides the incident fields, part of the input 
to this system is the contribution over the openings of the cavities of the SBR electric currents. 

The essence of our contribution lies in the fact that we do not use a specialized Green's function 
in the integral equations but the free-space Green's function in its dyadic form. In contrast to the 
Green's function in the above reference, the free-space Green's function is explicitly known and 
easy to compute. 

In the meeting we will present the analysis that leads to the system of integral equations as well 
as expressions for the fields everywhere in space. 
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Hybrid Methods Combining the Moment Method and 
High Frequency Techniques for 2-D and 3-D Bodies 

Anders Sullivan* 
Air Force Research Laboratory 

Eglin Air Force Base, Florida 32542 

Lawrence Carin 
Department of Electrical Engineering, Duke University 

Durham, North Carolina 27708 

Hybrid methods combining the method of moments (MoM) and high fre­
queney tcchniques such as physical optics (PO) and the geometrical theory 
of diffraction (GTD) are examined for electrically large, perfectly conduct­
ing, two and three-dimensional hodies. Hybrid methods have found great 
utility for cases where strietly MoM solutions become prohibitive due to the 
rapidly increasing CPU and memory requirements, all<l for cases where high 
frequency techniques alone fail to capture nonspecular second order effccts 
such as tip diffraction, surface curvature discontinuity, and crccping wavcs. 
In certain cases, high frequ(!Ilcy methods are also suhject to nonphysical sin­
gularities at caustics and shadow boundariL'S. In the hybrid formulation, 
typical MoM subsectional hasis clements arc employed oVl!r corners, edges, 
and rapidly varying sections of the body, while high frequency basis functions 
are employed over interinr regions of the hody. The only practical limitation 
of these hyhrid methods is that the region of the scatterer where the high fre­
quency approximat.ion is applied must be large (with respect to wavelength) 
and relatively smooth. Such schemes have been used by others to calculate 
the scattered fields from electrically large bodies. The new feature in this 
study is that asymptotic l/..'Chniques are used to evaluate many of the highly 
oscillatory integrals that result from the hybrid formulation. 

Methods such as stationary phase and uniform asymptotics (L. B. Felsen 
and N. Marcuvitz, Radiation and Scattering of Waves, Prentice Hall, 1973) 
yield analytic approximations for many of these integrals (which represent cl­
ements in the hybrid MoM impedance matrix), therehy significantly reducing 
computation time. The induced surface currents and seattered fields from the 
asymptotic-hybrid formulation are compared with standard MoM solutions 
and are shown to produce remarkahly accurate results. Moreover, the present 
formulat.ion is shown to reduce computation time by an order of magnitude or 
more, in some cases, when compared to traditional MoM solutions. Results 
are prescnted for a two-dimcnsional cylinder with a triangular cross section 
and a long slcndcr body of revolution. Planc wave inddcfl(:e is assumed. 
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SCAITERING FROM A DIELECTRIC-COATED LARGE CONDUCTING 
CYLINDER: A HYBRID MOM/GO METHOD 

Denchal Worasawate* and Ercument Arvas 
Dept. of EECS, Syracuse University, Syracuse, N.Y. 13244 

A simple Geometrical Optics and MOM hybrid method is used to compute the 
electromagnetic scattering from a large perfectly conducting cylinder of arbitrary 
cross section which is coated by a dielectric layer. The system is assumed to be 
excited by a TM plane wave. The surface equivalence principle is used to replace the 
system by equivalent electric and magnetic surface currents residing on the outer 
surface of the coating, and the induced electric current on the surface of the 
conductor. The surfaces are approximated by linear segments, and MOM is used to 
come up with a matrix equation for the unknown expansion coefficients. The size of 
this equation is reduced considerably by approximating the values for the currents on 
the lit side of the structure. These approximate values are found analytically by 
replacing a linear segment of the structure with an infinite conducting plane coated 
with the same dielectric material. The figure below shows the bistatic echo width of 
a conducting cylinder of radius 3.4 A which is coated by a dielectric layer of thickness 
0.1 A and dielectric constant of 2.5. The size of MOM matrix was to80X 1080 and 
that of the GO/MOM matrix is 690X690. The results agree very well. The memory 
and the CPU needed with the hybrid method are much smaller than the direct MOM 
method. One limitation of the method is that, the lit side should be smooth. 
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Hybrid Analysis of Scattering 
for a Large Body with Cracks 

X.C.Nie, V.B.Van, S.V.Shi, D.B.Ge and H.Huang 
Depart""nt of Physics, Xidian University 

710071, Xi'an, P.R.China 
email: dbge@xidian.edu.cn 

With increasing of sophistication of RCS reduction techniques, studies of contribution of small 
features such as wires, cracks have been drawn great interests in recent years. A hybrid ""thod on the 
basis of high frequency technique combined with a nu""rical ""thod (for example, J.MJin, 
S.S.Ni,and S.W.Lee, IEEE Trans. AP-43,1I30-1138, 1995) has to be resorted because the object 
under investigation and the cracks on it are of different electric di""nsions, respectively. Here we 
consider a two-di""nsional object with cracks and apply the hybridization of Iterative Physical Optics 
(lPO) and MoM or FDTD to treat this problem. 
Considering the equivalence principle, the computation of scallering of an object with cracks is first 
divided into two regions: the external and the internal regions with respect to the crack, while the 
appropriate equivalent electric and magnetic currents are put on the opening aperture of the crack. The 
opening can be furthermore filled with PEC and the external problem is then split into a scallering 
problem of PEC object without crack and a radiation problem of magnetic currents spreading on the 
PEC object. We !reat the foc""r problem by using the IPO ""thod that may include multi-reflections 
if the object is concave. Concerning the radiation of magnetic currents, the MoM is applied to 
calculate the external field. On the other hand. the mode-matching ""thod is used to compute the 
internal field at the opening provided the crack being rectangular. Finally, we apply the generalized 
network formulation (R.F.Harrington and J.R.Mautz, IEEE Trans. AP-24,870-873, 1976) to determine 
the magnetic currents on the opening aperture by matching the boundary conditions. Moreover, as a 
key step, the magnetic currents on the opening can also be calculated by the FDTD instead of mode­
matching ""thod. This approach may extend the application of proposed sche"" to the scattering of 
an object with cracks of more complex shape. We compute the monostatic and bistatic RCS for SO"" 

simple objects with crack by proposed hybrid method, and compare them with the one obtained 
directly from FDID. The two results are in good agreement showing the feasibility of proposed 
method. 
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B-11 Nwnericaltecbniques (hybrid and others) 

The Coupling between Antennas on coductive Construction 

Yang Shaohua, Chen xinke 

Guanszhou Communication Research Institute, China 

Yang Enyao 

Guilin Institute of Electronic Technology, Chona 

In communication and electronic system it is necessary to mount two 

antennas, or even more, on the conductive construction. For example, to mount two 

antennas on top of a vehicle, or one antenna on the top while another one on the ground 

nearby. It is important to compute the level of coupling between the antennas, since 

they are located closely with the result that one is in the vicinity of the other. This hybrid 

method combining MM and GTD is adopted to compute the coupling level of two 

typical situations. For fig.l(a). it is necessary to add four edge diflTactive lines beside 

directive line and reflective line of the top; fig. I (b) shows the typical difITactive line 

structure in the case of the conductive stair construction. The current distribution and 

coupling level between antennas will change when they are in the space where scanerers 

exit. This fluctuation can be ShOWD in the variation of impedance rnatriK, that is, the 

effect of difITactive lines can be summed lip in additional matrix I fJ.).Fig 2 shows the 

computing results corresponding to fig.I.The dimensions of the flat model structure are: 

L·WtH - 2mt l.3mt l.8m and the two antennas are of the same height, h=O.2m. The 

height(lI) of conductive stair varies from I A. to SA. in computation. 

It should be noted that it is problematic, for computation in the case of 

conductivc stair, to use MM only and it is simple and pracllcalto usc the hybrid method 

which combines MM and GTD. 
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SCATrERING MECIIANISM CIIARACTERIZATION USING 

ADAPTIVE DECOMPOSITION WITII A VECTORIZED DICTIONARY 

Nikola S. SUbolic· and Joseph W. Burns 

ERIM Inlernalional, Inc. 

P.O. Bo. 134008 Ann Arbor, MI 481 13-4008 

subotic@crim·int.com. bums@erim-inl.com 

In lhis paper we presenl an e.lension of adaplive decomposilion lechniques 10 veclordala and diclionar­
ies for scallering mechanism characlerizalion. The abilily 10 classify and characlerize scallering mecha­
nisms in radar data is useful for target radar cross section diagnosis and automatic large. recognition 
applicalions. Recenlly, several researche" (N.S. Subolic, J.W. Bums and D. Pandelis, 1997 IEEE URSI 
Radio Sci. MIg. lJigeIl, p.258; M.R. McClure and L. Carin, Malching Pu"uils wilh a Wave-Based Dic­
lionary, IEEE Trans. Sig. Proc., Vol. 45, No. 12, pp. 2912-2927) have applied scalar adaplive signal de­
composilion lechniques 10 scallering mechanism idenlificalion using lhe Malching Pursuils algorilhm (S. 
Mallaland Z. Zhang, IEEE Trans. Sig. Proc., Vol. 41, pp 3397-3415). This presenlalion will describe 
two extensions to the previous work designed to improve scalter discrimination and classification per­
formance. Firsl, lhe reweighled minimum norm algorilhm described by GorodnilSky and Rao (Gorod­
nilSky, I.F., and B.D. Rao, IEEE Trans. Signal Proc., Vol. 45, No.3, pp. 600(616) is used as Ihe 
decomposilion algorilhm in place of Malching PUlSuilS, and second, lhe algorilhm is formulaled such Ihal 
Ihe data and diclionary lake a veclor form. 

Adaplive lechniques decompose radar signals using a very general "diclionary" of funclions which can 
represeO! disparale scallering mechanisms and are chosen 10 closely model anlicipaled characlerislics of 
Ihe signal. Scallering mechanisms can be classified by adaplively mapping measured data onlo appropri­
ale diclionaries of funclions Ihal describe specific scallering behavior. In Ihe previous work, scallering 
mechanisms were classified by idenlifying Iheir frequency dependence. The approach is mOlivaled by 
the observalion Ihal asymplolic solulions for Ihe high frequency scallering from largels, such as Ihe Geo­
metric Theory of Diffraclion (GTD), describe Ihe scallering from canonical local geometries by simple 
models wilh disiinci frequency dependencies. In Ihe previous work, lhe Malching Pursuil decomposilion 
algorilhm was used with a GTD-based diclionary. Accurale mechanism c1 .. "ificalion was oblained when 
Ihe algorilhm was applied 10 scalar data Wilh sufficienl frequency bandwidlh Ihal individual scanering 
ccnlers were separated by several Fourier resolution cells. 

In our recent work. the reweighted minimum norm algorithm was used in place of Matching Pursuits as 
the adaptive decomposition algorithm to improve classification performance when scattering centers 
were not well resolved. The reweighled algorithm refines an initial low resolution initial estimate of the 
dictionary coefficient to a final localized energy solution. The iterations are based on weighted nonn 
minimizalion of Ihe dependenl variable wilh Ihe weighls being a funclion of Ihe preceding ileralive so­
lutions. Since all the dictionary elements are evaluated at each iteration. it was anticipated that it would 
avoid the tendency of Matching Pursuits in low resolution situations to spend most of its time correcting 
for any miSlakcs made in Ihe classifying lhe fi,,1 few lerms. Even wilh scalar dala, Ihe reweigh led min­
imum norm technique was able to correctly type scanerers at much smaller scallcrer separations. 

To further enhance scallerer discriminalion, lhe algorilhm was generalized 10 consider veclor dala, such 
as Ihal oblainable from a polarimetric radar. This simply involved defining an diclionary of frequency­
weighled, comple. exponenlials wilh appropriale polarizalion slales. As before, Ihe weighl~ correspond 
10 frequency dependencies suggesled by GTD. The richer diversily of Ihe dala and diclionary allows 
more scallerer Iypes 10 be dislinguished than Ihose provided using only frequency-weighled exponenlials 
with scalar data or polarization slales alone with vector data. 

In the presenlalion, we will describe the formulalion and implemenlalion of the algorilhm. We will show 
the mechanism c1assificalion performance oblained when Ihe algorilhm was applied 10 numerically-sim­
ulaled and e.perimenlally-measured dala, and algorilhm performance delermined from Monle Carlo 
simulalions will be compared 10 Carmer-Rao bounds. 
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Extraction of Target Parameters using the Frequency 
Correlation Function: A Feasibility Study 

Stephane R. Legault' and Kamal Sarabandi 
Radiation Laboratory 

Department of Electrical Engineering and Computer Science 
University of Michigan, Ann Arbor, MI 48109-2122 

The remote sensing community has made significant progress in recent 
years and this vast researeh effort is supported by an increased world wide 
interest in the management of our dwindling natural resources. Even with the 
perfection of synthetic aperture radars, the extraction of parameters of interest 
such as biomass and vertical extent for vegetation canopies remains at best a 
complicated proCIlSS. This is true despite the advent of multi-frequency and 
multi-polarization systems which greatly inereas(! the number of independent 
observables. In contrast to examining the correlation of signals with respect 
to observation angle or polarization, we propose the use of frequency correla­
tion across the bandwidth of the signal in an effort to provide a new distinct 
measurable for target identification and classification. 

Over frequency bandwidths of interest the scattering properties of the in­
dividual elements making up a complex distributed target change only slightly 
with frequency. This implies that the frequency dependent part of the seat­
tering process is predominantly due to variations in the electrical path lengths 
of the mUltiple interactions. Examination of the correlation function over the 
bandwidth of the returned radar signal therefore yields an interference pattern 
associated with the distribution and the structure of the scatterers making up 
the medium. This suggests the possibility of extracting those parameters of a 
distributed target which relate, such as vertical extent, to its structure. 

The feasibility of this technique is investigated experimentally and theo­
retically. A sizeable number of radar measurements of various crops form the 
major part of the experimental data collected. These experiments were con­
ducted at various angles of incidenee at L, C and X band. This data is used in 
conjunction with a theoretical model in order to identify the role played by the 
various parameters of a target and its frequency <:orrelation funetion. To this 
end a heuristie model for a layer of random seatt.(!rers above a lossy medium 
is presented. A discussion of hoth the experimental and the theoretical results 
will be provided. 
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Wave-Based Target Identification with Short-Pulse Scattering Data 

Priya K. Bharadwaj' and Lawrence Carin 
Department of Electrical and Computer Engineering 

Duke University 
Durham, NC 27708-0291 

Matching pursuits is an algorithm by which a given waveform is projected onto a dictionary 
of elements, with which the data is parsed. By representing the data in as compact a decomposition 
as possible, its principal features are extracted, setting the stage for target detection and 
identification. Consequently, we have developed what we have termed a wave-based dictionary, 
appropriate for short-pulse scattering, with dictionary elements representative of wavefronts, 
resonances, and chirps. As discussed below, this data parsing scheme plays an integral role in the 
target identification framework. 

The identification algorithm is based on the reasonable assumption that a decision will be 
made using a few measured waveforms from a given target (a few "looks"), representative of several 
aspects (sensor-target orientations). Since the target is unknown, we do not know the actual 
target-sensor aspect for a given waveform (i.e., it is hidden). The different waveforms (in general 
from different target-sensor orientations) can therefore be viewed as transitions from one hidden 
state (orientation) to another. In the training phase, the target is segmented into mUltiple states, 
representative of characteristic target-sensor orientations. Each state is characterized by a zone of 
target-sensor angles, within which the wave phenomenology is relatively similar. The multiple 
measured waveforms to be processed are representative of different target-sensor orientations, and 
therefore constitute state transitions (from one measured waveform, at a particular sensor-target 
orientation, to another waveform, at a second sensor-target orientation). Within each state, the data 
is parsed or segmented using the aforementioned wave-based dictionary, with this decomposition 
parameterized statistically, reflecting the statistical variation of such within a given state. These 
statistics characterize the variability of the segmentation within a particular state and are determined 
during the wave-based training phase. 

The state transitions are represented via a hidden Markov model (HMM), much as in word­
recognition schemes for speech processing. The states of the HMM are defined as ranges of 
target-sensor angles over which the underlying wave phenomenology is relatively constant (or 
similar). Within each such. range of angles (i.e., within each such state), the wave-based 
matching-pursuits scheme provides the data parsing. In this talk, we present the basic processing 
paradigm, and discuss example results for identification of several canonical targets. 

328 



Investigation of Bandwidth Effects in 
Natural Resonance Based Target Recognition 

Goniil Turhan-Sayan 

Electrical and Electronics Engineering Department 
Middle East Technical University, 06531 Ankara, Turkey 

Classification of radar targets from the measured back scattered data is an 
important problem in inverse scattering. The aspect and polarization dependent 
nature of electromagnetic scattering makes this problem quite difficult to solve. 
Accordingly, one of the recent trends in target recognition is to use special signal 
shaping techniques to describe targets in an aspect and polarization independent 
manner. The target recognition techniques known as K-pulse and E-pulse 
techniques are based on the annihilation of a target's natural resonances as the set 
of complex natural resonance (CNR) frequencies of a scatterer identifies that 
object being independent from the aspect and polarization. In such a technique, 
every target of concern is classified by means of a time-limited characteristic 
signal whose Laplace domain zeroes correspond to the CNR frequencies of the 
target over a given frequency band. These characteristic time signals synthesized 
for each of the targets to be recognized can be stored in a computer to represent a 
set of digital filters. At the time of recognition, the received unknown signal is 
passed through each of these filters and the filter producing a time-limited 
response (due to proper pole-zero cancellation) identifies the unknown target. 
Among many factors affecting the success of recognition, the bandwidth of the 
scattered signal used for the synthesis of a characteristic signal has the utmost 
importance. The widest possible bandwidth in the resonance region starting from 
the lowest possible frequency produces the best characterization as the related 
synthesis data must contain all the critical information about the natural 
resonance behaviour of the target, especially that information about the dominant 
resonances. In practice, however, the available database for the recognition 
problem may not comply with these requirements leading to some deterioration in 
the recognition performance. 

The objective of this paper is to investigate the effects of the signal bandwidth in 
the performance of the natural resonance based target recognition techniques. It is 
believed that the results of this investigation will help to clarify the uncertainties 
about choosing the signal bandwidths not only in the signal shaping phase but also 
in the phase of active target recognition. The importance of the match between the 
bandwidths of the signals used in the synthesis procedure and that of the test 
(unknown) signal will also be demonstrated in this paper through simulation 
problems for varying bandwidth conditions and for a realistic set of targets. 
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Inverse Scattering of Electrically Large Regions with a Gaussian-Beam Forward Model 

Bimba Rao' and Lawrence Carin 
Department of Electrical and Computer Engineering 

Duke University 
Durham, NC 27708·0291 

Inverse scattering algorithms require an accurate and efficient forward model. There has 
recently been a focus on the use of forward solvers that satisfy Maxwell's equations rigorously, 
resulting in inverse-scattering algorithms that are quite accurate. However, the limitations of current 
computers and the overhead on rigorous forward solvers often restrict the electrical size of the 
problems that can be considered. In the research presented here, we utilize a beam-tracing algorithm 
as a forward solver, thereby yielding accurate field solutions over electrically large regions. We 
demonstrate results of inverse scattering over regions that constitute thousands of square 
wavelengths. 

An issue with regard to beam-tracing algorithms involves the mapping of initial (antenna) 
fields onto the Gaussian beams, the latter subsequently propagated through the domain under test. 
Previous work with Gaussian beams was characterized by an almost ad hoc mapping of started fields 
to beams. Here this mapping is performed rigorously through use of several signal-processing 
algorithms. In particular, here we demonstrate results computed via Gabor and wavelet transforms, 
as well as through use of the method of matching pursuits. 

In the work presented here, we demonstrate how the beam tracing algorithm can be placed 
into the context of an inverse-scattering algorithm. In this regard we address appropriate 
simplifications and assumptions that must be made, and their impact on the result accuracy. 
Moreover, we present results for several inhomogeneous distributions, which we approximate via 
inversion. We address the range of parameters over which the inversion results are accurate, the issue 
of local minima, and regularization techniques that improve inversion accuracy. 
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Identification of Metallic Objects Using 
Low Frequency Magnetic Fields 

Lloyd S. Riggs', Jon E. Mooney, Dan Lawrence, Larry Lowe, and Tom Darnett 
Department of Electrical Engineering 

200 Droun Hall. Auburn University, Alabama 36849 

At the present time, the ANjPSS·12 is the U.S. Army's OIlly fielded mine de­
tector. Although this detector is quite sensitive and can detee! low metal content 
mines, its overall value to the foot soldier is se,-erely limited due to many false alarms 
generated by buried metallic clutter. In fact, in highly cluttered environments, the 
detector is rendered, for all intents and purposes, useless. In short, a metal detector 
is not a mine detector! 

Baum has shown (Interaction Note 499, Nov. 199:1) that the quasi-magneto"tatic 
scattering from conducting scatterers is characterized by natural frequendes (SEM) 
which are negative and real. Equivalently, the time domain response is characterized 
by a sum of weighted exponentials. This model affords an opportunity for metallic 
object identification in that each metallic object is characterized by a small number 
of distinct eXllonential decay rates. 

We have recently demonstrated in a laboratory setting the ability to discrim­
inate among a set of metallic obj"cts with simple shapes. In general, we view the 
problem of identification as one of inference from illcomplete ill formation calling, for 
a full application of probability throry. Following this philosophy, we have employed 
a generalized likelihood ratio test (GLRT) as the basis for our identification algo­
rit/lln. The apparatus and techniques used to measure the objects transfer function 
will be discussed. We will review several methods for extracting exponential decay 
rates from measured data including a differential corrections method and a genetic 
algorithm. 

Extractillg 1I01l-oscillatory expollelltial decays from measured data can present a 
challenge. A respollse cOlltainillg multiple decay rates call be approximated reason­
ably well under certaill collditions by a model with fewer poles. Furthermore, if the 
error between the true and approximate model is on the order of the measurement 
noise, then the lower order (approximate) model is su!licient to characterize the un­
derlying true model. We will demonstrate, through numerical experimentatioll, that 
when the maximum error (betw,'Cn the true 1II0d"1 and a lower order approximate 
model) is less than the stalldard deviation of the noise, most pole extraction meth­
ods (Prony's method, ".ndl-of-Functions lIIethod, Genetic Algorithm, Differential 
Corrections Method, etc.) call1lot idelltifY the parameters (poles and residues) of 
the true model hut illstead converge to th,· parameters of the lower order approx­
imate model. Furthermore, we show that the differelltial corrections method in 
white Gaussian noise providt.·s an efficiellL estimate of model parameters in that the 
estimate of model parameters have variances lIear that of the Cramer-Rao lower 
bound. 
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