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bstract

he paper presents basics of electromagnetic theory and dielectric resonator antennas, fundamental concepts of FDTD and some significant results
f the FDTD analysis of rectangular dielectric resonator antennas (RDRA).

2006 Elsevier Ltd. All rights reserved.
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. Introduction

The electromagnetic force is the most technologically perva-
ive force in nature. Of the different methods for predicting elec-
romagnetic effects—experiment, analysis and computation—
he newest and fastest growing approach is computation.
lectromagnetic computational engineering encompasses the
odeling, simulation and analysis of the responses of complex

ystems to various electromagnetic stimuli, allowing for bet-
er design or modification of the system. The FDTD method
riginally proposed by Yee,1 is an explicit finite difference
cheme using central differences on a Cartesian grid staggered
n both space and time. The simplicity of the method is notewor-
hy. Maxwell’s equations in a differential form are discretized
n space and time in a straightforward manner. The method
racks the time-varying fields throughout a volume of space.
he updated new value of a field component (E/H) at any layer
epends upon its value in the previous step and the previous
alue of the components of the other field at the adjacent spa-
ial points. Thus FDTD results lend themselves well to scientific
isualization methods, providing the user with excellent physical
nsight into the behavior of electromagnetic fields.2 The geomet-
ic flexibility of the method permits the solution of a wide variety

f radiation, scattering and coupling problems. Also, desired
ccuracy can be achieved by selecting suitable discretization
arameters and boundary conditions.
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Research in compact antenna solution is a priority among
ntenna researchers due to the increasing quest for compact wire-
ess communication equipment. Dielectric resonator antennas
DRAs) have attracted the attention of investigators ever since
heir introduction in 1980s.3,4 They are small sized, devoid of
onductor losses, have high radiation efficiency and can be easily
xcited. Rectangular dielectric resonator antennas are preferred
ver other geometrical shapes because they are easy to fabri-
ate and offer more degrees of freedom to control the resonant
requency and quality factor.5

Some of the significant outcomes of the theoretical and
xperimental investigations on a Microstrip line excited, high
ermittivity (εrd = 48), compact, rectangular dielectric resonator
ntenna is presented here. The FDTD method is employed to
tudy the reflection characteristics of the DRA at different posi-
ions along the feed line. Experimental results are presented to
upport the theoretical data. Thereafter, far-field distribution of
he DRA is predicted and verified by measurements.

. The antenna configuration

Fig. 1 shows the geometry of the antenna. The antenna
omprises of a rectangular dielectric resonator of dimensions
a × b × d) = 2.25 cm × 1.19 cm × 0.555 cm made of low loss
eramic material Ca5Nb2TiO12. Of the six possible orienta-
ions of the DR upon the feed line, the antenna configuration

n the b-a-d orientation of the DR is shown. The DR is prepared
sing the conventional solid-state ceramic route6 at a sinter-
ng temperature of 1550 ◦C. The low density of the material
4.05 g/cm3) ensures lightweight of the antenna configuration.

mailto:drmohan@cusat.ac.in
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over the aperture.10 The validation of the predicted numerical
results with respect to the experimental data is performed in the
following section.
ig. 1. b-a-d orientation of the DRA upon the feed line. Ground plane dimensio
nd width = 3 mm.

he DR is excited directly by a 50 � Microstrip line of width
mm, fabricated on a substrate of dielectric constant εrd = 4.28
nd thickness 1.6 mm.

. The FDTD method of DRA analysis

The FDTD code is written using MATLABTM. To facilitate
he implementation of the algorithm in a digital computer, the
ndices of the field components are renamed, eliminating the
/2 index notation as suggested by Sheen et al.7 This allows
he value of each field component to be stored in a three-
imensional array, with the array indices corresponding to the
patial indices. A Gaussian voltage source with a series source
esistance (rs = 50 �) is used.8 The Gaussian pulse of half-width
= 15 ps and time delay t0 = 3T is applied at the source plane.
he width of the pulse and the time delay are chosen to suit the

requency bands of interest. The time step used is �t = 1.155 ps,
atisfying the courant stability condition.

Of the six possible orientations of the rectangular DRA upon
he Microstrip feed line, the results for the b-a-d orientation
re presented here. The cell size chosen to accommodate more
han 20 cells per wavelength within the DR and the substrate
s �x = 0.5 mm, �y = 0.5 mm and �z = 0.4 mm. The size of the
omputational domain is 66 �x × 110 �y × 33 �z. The large
mount of data generated during the implementation of FDTD
pproach on a computer calls for the truncation of the computa-
ional domain with artificial boundaries to simulate its extension
o infinity, since modelling of an infinite space is numerically
mpossible. Nevertheless, the computational domain must be
arge enough to enclose the structure of interest. The perfect elec-
ric conductor (PEC) or the electric wall, the perfect magnetic
onductor (PMC) or the magnetic wall, the absorbing boundary
ondition (ABC) and the dielectric interface are the commonly
pplied boundary conditions.

Mur’s first order ABC9 looks back one step in time and one
ell into the space location. A second order condition looks

ack two steps in time and two cells inward, etc. According to
ur’s first order ABC, the tangential electric field components

n the outer boundaries will obey the one-dimensional wave
quation in the direction normal to the mesh wall. Berenger’s

F
t

= 4 cm, wg = 4 cm, substrate εr = 4.28, h = 1.6 mm, Feed dimensions lf = 2 cm,

ML requires considerable enlargement of the computational
olume, but is essentially frequency independent, superior to
ost ABCs and rather easy to implement. More often, when

omputer memory and ease of programming is determinative,
ne uses Mur’s ABC, otherwise the choice is PML.

In the present work Mur’s First order absorbing boundary
onditions are used to terminate the computational domain, the
istance from the object to the absorbing boundary being about
0 space steps in each direction. The iterations are performed
or 5000 time steps to allow the input Gaussian to converge to
ero within the computational domain. The input impedance of
he antenna is computed as the ratio of the FFT of the voltage
erived from E field values at the observation point over the
ntire time steps, to the FFT of the current at the same point,
erived from the H field values. Reflection coefficient S11 (in
B) is then computed. The position of the DR along the feed
ine is optimized for maximum bandwidth.

The FDTD model is then rerun with a sinusoidal excitation
xed at the resonant frequency of the DRA, as defined by the
inimum return loss. Iterations are carried out until the system

chieves sinusoidal steady state. An aperture is defined in a layer
bove the DR surface, as shown in Fig. 2. The far field compo-
ents Eθ and Eϕ are computed using the electric vector potential
derived from the instantaneous tangential E field components
ig. 2. Pattern computation using FDTD. (a) Aperture boundary in a layer above
he DR surface. (b) Spatial point Q in the aperture layer and far field point P.
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Fig. 3. (a) Reflection characteristics at the optimum band width position of the DR in the various orientations upon the feed line. (b) Reflection characteristics at the
optimum band width position of the DR in the b-a-d orientation.

Fig. 4. (a) Return loss of the DRA placed in the b-a-d orientation, and (b) Input impedance loci of the DRA placed in the b-a-d orientation, (fx = 0.5 cm, fy = 0.25,
0.5, 0.75, 1, 1.25, 1.5 cm).

Fig. 5. Radiation pattern of the DRA at the optimum bandwidth position (f = 3.175 GHz), (—) co-polar, (. . .) cross-polar, feed line length = 2 cm, ground plane:
4 cm × 4 cm.
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Fig. 6. Gain of the antenna measured in the b-a-d orientation of the DR.

. Results and discussion

Different resonant frequencies are excited as the DR is moved
long the feed line. The return loss for different positions of
he DR placed in different orientations along the feed line is

easured and optimized for maximum bandwidth. The mea-

urements are done using HP 8510C Network Analyzer. The
eturn loss at the optimum position of the DR (where the numer-
cal results closely relate to the experimental observations) is
lotted in Fig. 3(b). The experimentally observed variation in

i
o
3
a

Fig. 7. Resonant modes of the Microstrip fed
Ceramic Society 27 (2007) 2753–2757

he return loss and input impedance for different positions of the
RA along the feed line is shown in Fig. 4 [fx = 0.5 cm, fy = 0.25,
.5, 0.75, 1, 1.25, and 1.5 cm]. The figure illustrates the signif-
cance of the DR position with respect to the feed line. At (fx,
y) = (1.5, 0.5), two closely spaced resonant bands merge to give
wide band characteristic.

The radiation pattern of the DRA is measured for all ori-
ntations of the antenna. Fig. 5 shows the radiation pattern of
he antenna in the b-a-d orientation, at the optimum bandwidth
osition. The normalized co-polar far field patterns (Eθ and Eϕ)
omputed for the DRA in the orthogonal E and H planes (ϕ = 0◦
nd 90◦) are also shown for comparison. From the simulated
tudies it is found that at the centre frequency the efficiency of
he antenna is 87%. FDTD simulation is repeatedly performed
n a PentiumTM IV processor (3.2 GHz), for various grid param-
ters. It is concluded from the obtained data that the chosen grid
arameters is sufficient for obtaining reasonably good agree-
ent with the measured data. The resonant frequency of the

ntenna can be accurately predicted by the FDTD calculation.
owever, away from the resonance the discrepancy is more. This

an be improved using PML boundary conditions. The proposed
ntenna configuration also exhibits good gain throughout the
and. The measured gain characteristics of the DRA are shown

n Fig. 6. The field distribution in the DR placed in the b-a-d
rientation is illustrated in Fig. 7. The TEz

11δ mode is excited at
.202 GHz with one half cycle variation in the x- and y-directions
nd less than a half cycle (δ) in the z-direction.

rectangular dielectric resonator antenna.
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. Conclusion

Investigations on a Microstrip line excited compact rectan-
ular dielectric resonator antenna are performed. The numerical
esults predicted using FDTD method are compared with the
xperimental data and good agreement is obtained. The proposed
ntenna is compact, easily excited and exhibits broad radiation
atterns suitable for mobile communication applications.
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