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Abstract: We analyzed the cross-shaped microstripline-
fed slot antenna with  the reflector using FDTD(Finite-
Difference Time-Domain) method in this paper. The
proposed antenna uses R/T Duroid-5880 substrate(relative
permittivity 2.2 and height(1.578 mm) of diclectrics), and
compares the optimized results of other kind substrates. The
maximum bandwidth of the proposed antenna is from 1.91
GHz to 5.21 GHz, which is approximately 1.437 octave for
the VSWR < 2. It was found that the bandwidth of the
antenna depend highly on the length of the horizontal and
vertical feedline as well as the offset position of the feedline.
The experimented data for the VSWR and the radiation

pattern of the antenna are also represented.

1. Introduction

The most microstripline-fed structures of the printed
slot antenna has been used by the method of making the
microstrip-fed structures across the center of slot [1]. The
conventional center-fed transverse slot antennas have a large
value of radiation impedance so that it is very difficult to
match in practice. For solving these problems, the short
tunning stub and open tunning stub were proposed offset
from the center of a slot to the end of it by Yoshmura {2} and

Posar [3], respectively.

When these cases is narrow slot width only, these are good
for the impedance matching. But when the slot width is
wide, these need a special matching circuit at the feeding
port for good impedance matching.

In this

analyzed the cross-shaped

paper, we
microstripline-fed slot antenna with the reflector using
FDTD (Finite-Difference Time-Domain) method. The
proposed antenna using R/T Duroid-5880 substrate (relative

permittivity 2.2 and height(1.578 mm) of dielectrics) is
analyzed by using FDTD method that enhances the
bandwidth wider than the used one without a special
matching. And the Ez-component of electric field in the time
domain is computed. We also computed return loss, VSWR,
and radiation pattern in the frequency domain by Fourier
transforming the time domain results. From these resuits, the
antenna having maximum bandwidth was tested, after being

designed and fabricated it.

2. Antenna structure and analysis method
The printed slot
feedline(Fig. 1) is better than the used feedline structures
for design. 1; represents the length of a slot, W, is the width
of a slot, and I, is the Iength of the horizontal feedline, and 1,

antenna with  cross-shaped

is the length of top vertical feedline, and offset represents

the gap from a slot center to the center of horizontal feedline,
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W;is the width of microstrip feedline. Fig 1. represents a
structure of the antenna, it consists of the ‘slot radiator and
cross-shaped feedline. The analysis using the method of
FDTD is based on Yee's unit cell and Mur's ABC [5].

3. Simulation and results
This antenna (Fig. 1) is analyzed on the three-
dimensions by FDTD method. The sizes of space cell are A
x=0.333 mm, A y=0.25 mm, A z=0.5 mm. The total
analysis space is composed of 272 x 360 x 203 cells in
respective x, y, z direction. The sizes of antenna by using
FDTD method are set to the followings ; 1=150 A x,
W=128A vy, ;=87 A x, 1, =404 y, offset=40A y, W=14A
x. Fig. 2 represents the 3-dimensional E,-component of the
electric field as the time-varying pulse is reached the steady
state of the antenna.

The characteristics of antenna is sensitive to the the
antenna design parameters( I, W, 1, L, offset, W;). The
VSWR, return loss, and radiation pattern in the frequency
domain are calculated by Fourier transforming the time
domain results. With fixing the other parameters, when the

slot widths(W,) is 28 mm, 32 mm, 36 mm which are 16A

y(4mm) of a minimum cell A y=0.25 respectively, the
calculated VSWR results represents in Fig. 3. When W is 28
mm, the bandwidth is about 2.1 GHz, and when W, is 32 mm,
it increases the bandwidth to 3.3 GHz, and when W; is 36
mm, it decreases the bandwidth to 3.0 GHz again.

Fig. 4 represents the comparision between the
bandwidth of FR-4( ¢ ,;=4.3, h;=1.0 mm) and R/T Duroid-
5880(¢ = 2.2, h,=1.578 mm) for the S,,<-10 dB, there
frequency large from 1.975 GHz to
4.7625 GHz, three-resonances at S11 less than -10 dB. R/T
Duroid-5880 substrate obtained bandwidth 0.537 octave(1.77
GHz) more than FR-4 substrate.

Table 1 represents the comparision values of optimized

were the available

design parameters and bandwidth for the various kind

substrates.

4. Experiment and results
Fig. 5 represents the comparision between the theory
and the experiment for the center frequency 3.3 GHz, there
were the available frequency large from 1.93 GHz to 5.30
GHz, broad bandwidth 3,370 MHz, three-resonances at S11
less than -10 dB. The antenna dimensions are
(@ Feed : £, =22; h=15 mm; W; =4.796mm,
1,=23mm; 1,=9mm; offset=10 mm
() Slot : L=50mm; W=32mm
Fig.6 represents the comparision between the theory
and the experiment for a E-plane radiation pattern. After the
calibration using a horn antenna, we has been measured the
radiation pattern at the far field, and the measured results are

in good agreement with the calculated results.

5. Conclusion
In this paper, we analyzed the cross-shaped
microstripline-fed slot antenna with the reflector using
FDTD(Finite-Difference Time-Domain) method. There
were represent the optimized design parameters and
maximum bandwidth of the proposed antenna, and
compared the results for the
height of substrate. The maximum bandwidth of the

proposed antenna is from 1.91 GHz to 5.21 GHz, which is

relative permittivity and

approximately 1.437 octave for the VSWR < 2.
The measured values are in good agreement with FDTD
results. This antenna may be useful or powerful broadband

array antenna.
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Table 1. Represents the comparision values of optimized
design parameters and bandwidth for the various
kind substrates.

Substrate Relative h, 1y 1, Of fset Dffset B/W
type Permittivity (mm) (mm) (mm) (mm) /W, (GHz)
R/T Duroid 2.2 1.578 29 8 10 0.313 3.30
R/T Duroid 2.5 0.528 24 8.5 11 0.344 1.30
Taconic 2.6 1.578 28 9 9.5 0.297 2.30
FR-4 4.3 1.0 20 10 10 0.313 1.75
(1,250 mm, W.,=32 mm)

Fig. 6 Measured E-plane radiation pattern




