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UWB Antennas Analysis Using FDTD-Based
Discrete Green’s Function Approach
S. Mirhadi, M. Soleimani, and A. Abdolali

Abstract—Discrete Green’s function (DGF) approach for analysis of transient response of the ultrawideband (UWB) monopole
antenna has been proposed. The marching-on-in-time solution of
DGF method is based on finite-difference time-domain (FDTD)
equations that offer more straightforward formulation than that of
time-domain integral equations (TDIEs). In addition, unlike FDTD
method, calculations are performed only on the surfaces of conductors but not throughout the entire volume. The finite ground plane
effect on the UWB monopole antenna performance and transient
response between two antennas in face-to-face and side-by-side scenarios have been investigated using this procedure with improving
the computational speed.
Index Terms—Discrete Green’s function, frequency-domain
response, time-domain analysis, ultrawideband (UWB) antenna.

I. INTRODUCTION

O

VER the past few decades, particular attention has been
paid to the derivation of the Green’s functions from the
finite-difference equations [1]–[3]. These functions, commonly
referred to as discrete Green’s functions (DGFs), have the
intrinsic properties of the finite-difference equations such as
dispersion, anisotropy, and stability. The analytical closed form
of the time-domain DGFs, for the infinite free space, has been
initially obtained by Vazquez and Parini in 1999 [1]. They
derived those expressions in terms of Jacobi polynomials by
the multidimensional Z-transform of finite-difference time-domain (FDTD) equations in time and spatial domains. In [2],
Kastner first employed multidimensional Z-transform to the
FDTD equations and then used integral form of the spatial
inverse Z-transform and obtained frequency domain of DGFs.
With the utilization of ordinary Z-transform along with the
spatial partial difference operators, Jeng has also achieved new
expressions for the time-domain DGFs recently [3].
From an applications point of view, we can mention the utilization of the DGFs as an absorbing boundary condition [4]–[6],
the realization of a total-field scattered-field formulation of the
FDTD method to alleviate erroneous field leakage across the
boundary [7], and the truncation of the FDTD computational grid
in the presence of reflecting external media [8]. A scattering formulation of the DGF method for the antenna modeling has been
derived from which the current of the structure of interest can
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be determined in march-on-in-time scheme [9]. The scattering
formulation of the DGF method resembles march-on-in-time
approach of time-domain integral equations (TDIEs). However,
the key feature of the DGF method lies in that it is inherently
discrete and the whole formulation is much more straightforward
than TDIE method. On the other hand, the DGF method, as well
as TDIE, is more preferable than FDTD method in time-domain
antenna analysis in aspects of surface discretization regardless
of free-space nodes around the antennas and avoiding the need
for absorbing boundary conditions. So far, the references have
dealt with only the modeling of one-dimensional antennas such
as log-periodic dipole and Yagi–Uda array using DGF method
and presented significant saving in computational runtime and
memory allocated compared to the FDTD method [9], [11].
However, this technique has received little attention in the analysis of the various antennas, especially antennas with more than
one dimension.
The aim of this letter is to investigate the modeling of a
monopole ultrawideband (UWB) antenna using DGF method.
Since there is no certain design procedure for the UWB antennas, the optimization process is essential for achieving
appropriate time and frequency responses. The FDTD method
along with one of the optimization algorithms is mainly used
for this purpose. It is recently shown that the combination of the
DGF method with fast Fourier transform (FFT) algorithms to
perform spatial convolutions of the DGF formulation for analysis of the antenna with more than one dimension leads to very
favorable runtime speed compared to the FDTD method [10].
Therefore, the application of the DGF method to the UWB
antenna analysis can reduce the optimization time considerably.
Due to the existence of the ground plane for this type of antenna, time-domain current distributions on the monopole antenna, as well as on the finite ground plane, are determined, and
wideband frequency response of the antenna can be achieved
using a single run of the written code. In fact, finite groundplane effects on the antenna performance can be clarified using
this technique. Furthermore, transient response between two antennas in arbitrary orientation can be assessed using the calculation of the time-domain current distribution on the antennas
in the DGF method without the need for free-space calculations
between two antennas.
II. SCATTERING FORMULATION OF THE DGF METHOD
Scattered electric field of an antenna in the spatial steps
and at the time-step
can be
obtained using the convolution of the current induced on the
antenna and discrete Green’s functions as
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where
is the dyadic discrete Green’s function and can be obtained through the relationship with the scalar discrete Green’s
function [1], [9]. As explained in [9], the scalar discrete Green’s
function is the solution of the second-order central difference
approximation of the scalar wave equation with Kronecker delta
excitation and can be achieved using multidimensional Z-transform as [1], [9]

(2)
where
Fig. 1. Geometry of the antenna under study with
mm,
mm,
mm,
mm,
mm, and the width of feeding strip is
assumed to be 1.5 mm.

and
is the orthogonal Jacobi polynomial. In this letter,
we have computed the DGFs by Mathematica software that has
arbitrary precision arithmetic. In our calculations, the difference between the analytical DGFs based on (2) and the direct
implementation of the FDTD equations is in the tenth decimal
place, which is due to the finite numerical precision of the FDTD
method [12]. Owing to the fact that the sum of the incident and
scattered electric fields on the electric conductor antenna must
vanish, we can write
on the antenna

on the antenna.

(5)

(3)

Since the induced current on the antenna is unknown, (3) must
be inverted in order to obtain the update equation for the electric current on the antenna in march-on-in-time scheme. It can
be achieved using the property of the zero time-step discrete
Green’s function that occurs at
and is equal to spatial
can be
delta Kroneker function. Therefore, the time-step
considered separately from the rest of the time-steps resulting in
the following:

on the antenna.

accuracy of out of window. In fact, the scalar DGF tends toward
zero as the value of increases, while the vector DGFs tend toward nonzero steady-state values. These steady-state values can
be computed using the formulation of DGFs based on [1] and
[9]. For example, for the following DGF extracted in [9], the
first two terms have zero steady-state values, and only the third
term is computed for steady-state value of the
:

The monopole UWB antenna under study is shown in Fig. 1.
It has a trident feeding proposed in [13] and two notches at the
bottom corners. The currents on the antenna
and on
are computed using (4) for the coorthe ground plane
dinates as shown in Fig. 1, regardless of the antenna thickness.
The update equation for the currents on the antenna depends not
only on the previous time current density on the antenna, but
also on the previous time current density on the ground plane

(4)

The accuracy in the current calculation of (4) depends on
two factors: 1) accuracy of the convolution calculations that
is achievable with the double-precision computations [12]; 2)
type and size of window function that truncates the DGFs. In
this letter, we have utilized simple rectangle window function.
However, according to [12], more accurate results can be obtained using Hann window. The window size selection criteria
is that further increase in window size does not cause significant
change in simulation results. Furthermore, unlike [12], we have
considered nonzero constant values for the vector DGFs out of
the window that convert convolutions to the simple recursive
multiplications and play an important role in current calculation

(6)

(7)
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Fig. 2. Temporal response of current at the feed point to the Gaussian incident
field.
Fig. 4. Effects of different window sizes on return loss of the antenna.

Fig. 3. Simulated and measured return loss of the antenna.

The spatial and time increments have been selected as
mm and
, respectively. In
order to accelerate the calculation of multidimensional convolutions of (6) and (7), we have utilized spatial fast Fourier transform [10]. The antenna is excited by the incident Gaussian electric field in -direction. Another excitation, such as Rayleigh’s
function, can be used to model the dc fields more accurately.
However, in the desired frequency range, the simulation results
have no significant changes.
The size of ground plane has been selected as
mm
and
mm . The temporal responses of current at the feed
point are shown in Fig. 2. The current change of the antenna with
mm ground plane compared to
mm ground
plane is due to the fact that the smaller the ground plane size,
the faster the reflection of the ground plane edges occurs. The
simulated and measured return loss of the antenna is shown in
Fig. 3. As expected, the effect of finite ground plane is seen in
the lower frequency of the UWB rather than upper frequency.
Fig. 4 shows the effect of different window sizes
on return loss. As seen, considering window size more than 400 does
not affect on the results. The radiation patterns of the antenna
at the 9 GHz are also shown in Fig. 5. The finite ground plane

Fig. 5. Simulated and measured radiation pattern at 9 GHz, in the half -plane
mm and (b)
mm; in the half -plane for (c)
for (a)
mm and (d)
mm; and in the -plane for (e)
mm and
mm (black line: simulated; gray line: measured).
(f)

effect in the -plane and -plane is more evident than that in
the -plane. In the -plane and -plane, the direction of the
main lobe and the backlobe level are different for every ground
plane size.
III. TIME-DOMAIN RESPONSE
In addition to the frequency-domain performance, the timedomain response of the UWB antenna, which is essential in
order to avoid pulse distortion, can be examined using DGF
method. For this aim, we have considered two antennas of Fig. 1
at distance 20 cm apart in face-to-face orientation as depicted in
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Fig. 6. Antenna orientation: (a) face-to-face case
cm .
side case

cm ; (b) side-by-

Fig. 6(a). The sum of the incident electric field, scattered field
from antenna 1, and scattered field from antenna 2 must vanish
on the antennas 1 and 2 as

on the antennas 1 and 2.

(8)

Scattered field from antennas 1 and 2 can be written as
Fig. 7. (a) Transmitted signal. (b) Received signal in face-to-face scenario.
(c) Received signal in side-by-side scenario.

(9)

(10)
. Substituting (9) and (10) into (8) and using
where
zero time-step property of the DGF, the update equation for the
currents can be obtained as (the excitation is assumed only for
antenna 1 in -direction)

the need of white-space computations between antennas. Meanwhile, in the traditional FDTD method, a spatial grid of
and 11 cells of the absorbing boundary conditions
have been required.
After achieving currents, the electric field due to the induced
current of antenna 1 in the feed location of antenna 2 can be
written as

(13)
For the side by side scenario [Fig. 6(b)], we can get the similar equations. As shown in Fig. 7(a), the excitation has been selected as the fourth-order Rayleigh pulse with the pulse parameter of
ps, which complies with the Federal Communications Commission (FCC) mask for indoor systems. Fig. 7(b)
and (c) shows the received signal at the terminal of antenna 2
for the face-to-face and side-by-side cases. The correlation between the transmitted signal from antenna 1 and the received
signal at the terminals of antenna 2 can be computed as the following discrete form:

(11)
(14)

(12)
Equations (11) and (12) are calculated only on the surface
of the antennas with the spatial grid of 80
96 and without

The value of the correlation factor for the face-to-face scenario is 0.94, and for the side-by-side scenario is 0.84. The phase
of
parameter and the group delay of the two cases are also
depicted in Figs. 8 and 9, respectively.
The computational complexity of DGF in conjunction with spatial FFT algorithm, in each time-step, is
, ( ,
, and
are window size, number of cells on the antenna in the - and
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aid of the FFT-based convolution implementation, which offers
fast optimization of the UWB antenna. So far, the DGF method
has been employed to model simple structures with homogeneous media. Future works can be concerned with the solution
of the complex object and media.
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