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Abstract- This paper presents a multilayer aperture coupled
microstrip antenna with a non symmetric U-shaped feed
line. The antenna structure consists of a rectangular
patch which is excited through two slots on the ground
plane. A parametric study is presented on the effects of
the position and dimensions of the slots. Results show
that the antenna has VSWR < 2 from 2.6 GHz to 5.4
GHz (70%) and the gain of the structure is more than 7
dB from 2.7 GHz to 4.4 GHz (48%).

I.  INTRODUCTION

Microstrip antennas have been used widely because of
their advantages such as; light weight, low cost and easy to
fabricate by using printed circuits technology. But they
suffer from disadvantages like low gain and narrow
bandwidth [1-5]. Techniques such as using multilayer
structure, materials with low dielectric constants and
utilizing stacked patches have been reported in literature for
increasing gain and impedance bandwidth [1-10]. For
increasing impedance bandwidth a structure with a U-
shaped feed line has been reported [11-14]. An aperture
coupled microstrip antenna with a non symmetric feed line
and two slots on the ground plane operated at X and Ku
bands [15], and C and X bands [16] are reported with ultra
wideband impedance and gain bandwidth. In this paper, a
similar idea is used for S and C bands presenting an antenna
structure with a rectangular patch which is excited through
two slots on the ground plane. An investigation is presented
on the effects of the dimensions and positions of the slots on
the ground plane for these frequency ranges. Finally an
antenna with VSWR < 2 from 2.6 to 5.4 GHz is obtained
(70%). The maximum gain of the antenna is 9.5 dB at the
frequency of 3.5 GHz and the gain of the antenna is more
than 7 dB for 2.7 — 4.4 GHz (48%).

II. ANTENNA STRUCTURE

Fig. 1 shows the antenna structure with a rectangular
patch and two slots on the ground plane which was designed
and used in this research. The shape of this antenna is
similar of the one in [16]. However, with changing the
dimensions, the properties of the antenna have been
changed. The patch and ground plane are separated with air
gap (D2) and a material with relative permittivity of 2.2. D1
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and D3 are made from the same material and the same
thickness. In microstrip antennas the thickness and relative
permittivity of dielectrics and the thicknesses of air gaps,
have an important effect on the characteristics of this type of
antennas [11, 17]. Under the first dielectric layer there is a
50 € feed line which is divided into two 100 € feed lines
with different lengths.
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Figure 1: (a): The antenna structure, (b): Top view, (c): Side view,
Dimensions for S and C bands: D1 = D3 = 1.6 mm, D2 = 7 mm, L3 = 9.5
mm, L4 =10.5 mm and W = 27 mm.

III. PARAMETRIC STUDY

Dimensions and locations of the slots on the ground
plane have a crucial effect on the characteristics of the
antenna. Fig. 2 shows VSWR and gain of the antenna for
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three different lengths of the left slot (L1). By increasing the
length of L1 from 26 mm to 36 mm, the antenna will have
better impedance matching at the frequency of 2.7 GHz and
4 GHz, and at 3.2 GHz by decreasing the length of L1 better
impedance matching will be obtained. Fig. 2 illustrates that
the length of the left slot does not have an important effect
on resonant frequencies of the antenna at high frequencies —
more than 4.5 GHz - but it has a crucial effect on the VSWR
plot at low frequencies.
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Figure 2: The effect of length of the left slot on, (a): VSWR and (b): gain
of the antenna

Fig. 3 shows the characteristics of the structure for three
different values for the length of the right slot (L2). By
increasing the length of L2 from 26 mm to 36 mm, better
impedance matching will be obtained at high frequencies
— more than 4.5 GHz. At low frequencies — less than 3.5
GHz — the effect of increasing the length of L2 is similar to
increasing the length of L1. Although for L2 = 26 mm and
L2 =31 mm the same impedance bandwidth is obtained, but
the antenna has better gain for L2 =31 mm.
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Figure 3: The effect of length of the right slot on, (a): VSWR and (b): gain
of the antenna

Fig. 4 (a) illustrates that by changing the separation
between slots, the VSWR plot will change over the entire
bandwidth. By increasing the separation between the slots,
better impedance matching will be obtained at the last
resonant frequency. For S = 6 mm the impedance bandwidth
and gain of the antenna is similar to S = 4 mm. Fig. 4 (b)
shows that S does not have a significant effect on gain of the
structure.
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Figure 4: The effect of separation between the slots on, (a): VSWR and (b):
gain of the antenna

IV. SIMULATION RESULTS

The dimensions of the antenna structure are shown in
Table 1. Fig. 5 shows the Smith chart plot of return loss of
the antenna. The return loss of the antenna is less than -10
dB from 2.6 — 5.4 GHz and the simulated gain bandwidth
(over 7 dB) of the antenna is 1.7 GHz (48%). The
impedance bandwidth of the antenna (VSWR < 1.5) is 1.2
GHz (36%). The maximum gain of the antenna is 9.5 dB at
the frequency of 3.5 GHz. Fig. 6 illustrates the radiation
pattern of the antenna at 3, 4 and 5 GHz. It is clear that at
the frequency of 5 GHz, the gain of the antenna is about 5
dB at 45 and -45 degree.

TABLE I
THE DIMENSIONS OF THE ANTENNA FOR S AND C BANDS

L L1=12 L3 L4 W
72 mm 31 mm 9.5 mm 10.5 mm 27

S S1 D1 D2 D3
6 mm 0.8 mm 1.6 mm 7 mm 1.6 mm
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Figure 6: The radiation pattern of the antenna at (a): 3 GHz (b): 4 GHz
(¢):5GHz  (d): 3,4 and 5 GHz

V. CONCLUSIONS

This paper presents an antenna structure with a
rectangular patch and two slots on the ground plane. The
patch and slots are separated by an air gap and a substrate
with low dielectric constant. Under the ground plane there is
a 50 € feed line which is divided into two 100 €2 feed
lines by a two way microstrip power divider. A numerical
investigation is presented on the effects of positions and
dimensions of the slots. Simulation results show that the
antenna has VSWR < 2 from 2.6 — 5.4 GHz and gain
wo T ey T, bandwidth (over 7 dB) of the antenna is 1.7 GHz (48%).
However an optimization procedure is needed to consider
other characteristics of the antenna such as radiation pattern.
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