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STUDY OF THE CHARACTERISTICS OF A LINE-FED
TWO-LAYERS COUPLED RECTANGULAR PATCH
ANTENNA USING FDTD METHOD
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ABSTRACT- In the present work, the analysis and design of a tine fed two- layers
coupled rectangular patch antenna is presented. The return loss, the input impedance,
and the radiation pattern of the proposed structure are determined using the finite-
difference time-domain (FDTD) method. The effect of changing the air gap layer
thickness between the two layers of that antenna is studied. The results cbtained by
the FDTD method are found to be in good agreement with the published data. Also it
is found that as the air gap layer thickness is increased the 10-dB return loss
bandwidth is decreased while the 3-dB beamnwidth of that antenna is increased.
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I-INTRODUCTION

In receni years, microstrip antennas have been widely used ina varietv of
applications due to their many natural advaniages. Probably the most serious
limitation of those antennas are their narrow bandwidth [1]. So it is not surprising
that bandwidth improvement techriques are so prevalent in the literature. One of
these techniques is to use the stacked patch antenna configurations [2-4].

in this paper, lhe analysis and design of a line fed two- layers coupled
rectangular patch antenna on isotropic substrates are carried out using the FDTD
method. This method is characterized by its capability. flexibility, and accuracy in
modeling complex geometries [5-6]. The method was applied successfully for a
vartety of antenna configurations [5,7-9]. For antenna problems. the use of absorbing
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boundary conditions (ABCs) is necessary to accurately terminate the computational
domain, and reduce the reflection. Mur’s ABCs is used in the present work [10]. In
the next sections, a brief outline of FDTD method based on the E- and H-fields, and
ABCs, the analysis of patch antenna under consideration with its numerical results,
and concluding remarks are given.

I1. BASIC FORMULATION
This section presents the basic formulation of FDTD method. Maxwell’s
equations for patch antenna shown in Fig. 1, can be written as [3],

. _tem-fy (1.1)
at f ("
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where,
p’ is the magnetic resisitivity of the medium in (£2/m)
o s the electric conductivity of the medium in (S/m)

— [-] is the partial derivative with respect to time

By applying conventional FDTD method, the difference equation:. for the six
field components in Cartesian cordinates of equations (1) can be obtained [5-6]. For
example, the discretized equations for Hy and E, field components are,
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where Ax, Ay, and Az are the space increments in the %, y, and z directions
respectively. The D’s, and the C’s are the updating magnetic and electric field
components coefficients, respectively [5]. To ensure that the numerical error
generated in one step does not accumulate and grow, a stability condition is usually
applied [5,6].

1I1. ANALYSIS OF TWO- LAYERS COUPLED RECTANGULAR
PATCH ANTENNA

I11.A Frequency dependent characteristics

In this section, the return loss, the input impedance, and the bandwidth of a
line fed two- layers coupled rectangular patch antenna shown in Fig. 1, are presented.
This configuration cousists of a driven patch on the bottom and a parasitic patch on
the top. The two layers of rectangular patch elements are separated by an air gap
layer of thickness S. The driven patch is fed by a microstrip line feeder. The ground
plane and the two thin patches are assumed to be perfect electric conductor (PEC).
Each rectangular patch has dimensions of [6mm x12.45mm which is fabricated on
substrate with €=2.2 and thickness of 0.795 mm. The FDTD mesh used in
computation is ditferent according to the type of paich configuration. For example.
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the total number of nodes for stacked rectangular patch antenna without air gap layer
are 62x101x22 in the x,y, and z directions, respectively. The total number of nodes
for each rectangular patch are: 32Ax 40Ay, while the free space above the substrate
of upper parasitic patch is taken as 13 Az. The length of the microstrip line feeder
from the source plane to the edge of the driven antenna is 50Ay. The reference plane
is [0Ay from the edge of the driven patch. The width of microstrip feeder line w
is 6Ax.the displacement wl is 5Ax. The spatial steps used for this structure are Ax
=(0.389 mm, Ay =0.400 mm, and Az =0.265 mm. The microstrip line is excited by a
Gaussian pulse with unit amplitude at the edge of the computation domain i.e. at
port 1 (source plane) as shown in Fig. 1. This pulse is given by:
(-0 )
E.()=e " (3)

where,

T: Gaussian half width = 15.01 ps,

1,=3T

The time step At is computed from the stability condition according to the Cournt
condition [5,6] as;

1 1 1 R
Ats———[——-7+—~—+———]] ()

where,

v .. isthe phase velocity in the computational domain
A=0.4416 ps

The value of Atisconstant for both air and substrate in all the computational
domain. The values of T and t, are chosen to cover the entire frequency range of
operation and o ensure that the Gaussian pulse start approximately at time 0,
respectively.

substrate
air gap laver

substrate

Fig. 1. Line-fed two- layers coupled rectangular patch antenna. The parameters of
dielectric substrate are; £=2.2 and h=0.795 mm. L1=16mm and L2=12 45mm,
w=2.334 mm and w1=1.946 mm.
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Initially all the fields on the whole computation domain are set to be zero. The
transient response is recorded at the reference plane until ail the fields in the
computation domain decay to a negligible steady-state value. Then the Fourier
transformation is used to obtain the return loss, and the input impedance of the patch
antenna according to [8]. The Mur's first order absorbing boundary conditions is used
to terminate the unbounded computational domain [10].

To determine the return loss of the patch antenna, one must calculate the
refelected wave at the reference plane. The numerical FDTD simulations is carried
out twice. First, is in the absence of the patches. This is required in order to establish
a reference incident waveform propagating along the feeder. A second simulation is
repeated in the presence of the patches and the total incident and reflected voltages at
the reference plane is obtained. Then the reflected wave is computed as the difference
between the second and the first results. Using the incident and reflected time domain
waveforms the retum loss can be evaluated [8].

Fig. 2 shows the return loss of both single patch and the 2-stacked patches
without air gap layer. This figure shows a very good agreement between the results of
the FDTD and that published in [8] for the case of a single patch antenna of the same
parameters. Also, it can be seen that [0-dB retum loss bandwidth for single patch and
for the 2-stacked patches without air gap layer are about 3.079%, and 8.5561 %,
respectively (stacked patch leads to increase the bandwidth by 2.8 times of the case
the single patch). Figures 3 and 4 show the imaginary and real part of the input
impedance of those antennas. From these figures, one can observe that the value of
the input impedance of 2-stacked patches without air gap layer is slightly greater than
single patch.

Now. an air gap layer is introduced between the substrate of the upper patch
and the lower paich to study its effect on the bandwidth of the proposed structure.
Fig. 5 shows the return loss of 2-layers coupled patch with different air gap layer
thickness. From this figure, It can be observed that the 10-dB retum loss bandwidth
are about: 9.79%, 7.535%, and 3.07% for air gap layer thickness: 0.265 mm,
0.53mm,and 0.795 mm, respectively. Figures 6 and 7 show the imaginary and real
part of the input impedance of those antennas.

Fig. 8 shows the return loss of 2-layers coupled patch with different air gap
layer thickness. From this figure, it can be observed that the 10-dB return loss
bandwidth are about : 2,95%, 2.8 %. and 2.45 % for air gap laver thickness: 1.06 mm,
1.325 mm, and 3.18 mm, respectively. From these results, it can be concluded that as
the air gap layer thickness is increased the 10-dB return loss bandwidth is decreased,
as given in table-1, pp.181 in [4]. Figures 9 and 10 show the imaginary and real part
of the input impedance of that antenna. From these figures. it can be shown thart at
resonant frequencies the input impedance is pure real and their locations correspond
to the location of peaks of the return loss in Fig. 8.

I11.B Radiation patterns

In this section, the radiation pattern of the antenna under consideration is
presented. To calculate the far-fields of that antenna, the equivalent sources on the
virtual surface that encloses the antenna are calculated at the same time with the
FDTD simulation through the near -to far-field zone transformation principle given in
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[5]. After the equivalent sources are known, the far-fields originated by these
equivalent sources can be calculated [1]. In the present work, a Gaussian pulse
modulated by sinusoidal wave excitation near resonant frequency is used. As soon as
the steady state conditions are reached, the normalized E-plane and H-plane field
patterns at each far zone angle can be obtained. The E-plane and H-plane radiation
parterns for both single patch and the 2-stacked patches without air gap layer are
shown in Fig. 11. For the single case, the radiation pattern is calculated by using both
the FDTD and the cavity model technique[l]. Very good agreement between the
results FDTD and the cavity model is achieved. Also, one can see that 3-dB
beamwidth of E-plane patterns of a single patch is greater than the other stacked
patch, while the H-plane patterns of the {two antennas remain similar as expected.

Focusing on introducing an air gap layer in the proposed antenna, the effect of
changing the air gap layer thickness on the radiation pattern is studied. Fig. 12 and
Fig. 13 show the E-plane and H-plane field patterns for the antenna shown in Fig. | at
resonant frequencies. As shown from the figures, a significant improvement in the
beamwidth of the E-plane pattern occurs as the thickness of air gap layer increases.

IV. CONCULSION

In this paper, the performance of & line fed two- layers coupled rectangular
patch antenna is presented. The finite-difference time-domain (FDTD) method is
applied to determine the return loss, the input impedance, and the radiation pattern of
the proposed structure. The effect of changing the air gap layer thickness between the
two layers of that antenna is invesligated. The results obtained by the FDTD method
are found to be in good agreement with the published data,
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Fig. 2. Returmn loss of both single rectangular patch and 2- stacked rectangular patches
on isotropic substrates without intermediate air gap layer.
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Fig. 11. Radiation patern of mmemw&: patch and 2- stacked rectangular
patches on isotropic substrates without intermediate air gap layer. a)-E-plane: b) H-
plane. Case:1 FDTD results for single paich, Case:2 Cavity modal for single

" pach.Caser3 FDTD resulsfor 2-sacked patshes.
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Cases: 1,2 and 3
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Fig. 12. Radialion pattern of 2 -stacked rectangular paiches on isotropic substrates
with different intermediate air gap layer thickness ; Case:1-8=0.265mm.Case:2-
S=0.33mm and Case:3-5=0.795 mm. a)-E-plane ; b) H-plane.
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Fig. !3. Radiation pattern of 2 -stacked rectangular patches on isotropic substrates
with different intermediate air gap layer thickness ; Case:1-5=1.06mm.Case:2-
g=1.325mm and Case;3- $=3.18 mm. . a)-E-plane ; b) H-plane.




