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Abstract— This paper presents a multiresonator microstrip antenna using a rectangular patch
located on top of two slots, with different lengths and excited by a U-shaped feed line. The patch
and slots are separated by a substrate with low dielectric constant and an air gap. The results
show that the bandwidth of the antenna increases by using two slots. Finally an antenna with
VSWR< 2 from 9.8GHz to 22 GHz and 6.1 GHz (42%) gain bandwidth (above 7 dB) is obtained.
The simulated gain of the antenna is over 5 dB from 9.8 GHz to 19 GHz and with a maximum
gain of 9.16 dB at the frequency of 14GHz.

1. INTRODUCTION

Increasing the gain and impedance bandwidth of microstrip antennas has been a primary goal of
researches in this field [1–3]. For this purpose, techniques such as using multilayer structures, low
dielectric constant and air gap between layers have been reported in literature [1–6]. Characteristics
of microstrip antennas is closely related to their feeding method and substrate materials. Strip line
coupled to the patch through an aperture would be a good choice, especially at higher frequencies,
because of the advantages such as: 1) radiation of feed network and radiating elements and design
flexibility [6], and 2) avoidance of a coaxial feed and soldering problem [3, 6]. One way of widening
the impedance bandwidth of aperture coupled microstrip antennas is to utilize a U-shaped feed
line [1, 7].

In this paper a multilayer multiresonator aperture coupled microstrip antenna with a U-shaped
feed line and two slots is investigated, based on Method of Moments (MoM). There is a rectangular
patch above the slots. The patch and slots are separated by an air gap and a substrate with low
dielectric constant, from each other. It is shown that using two slots increases the impedance and
gain bandwidth of the structure. An antenna with VSWR< 2 from 9.8 GHz to 22 GHz and 6.1 GHz
(42%) gain bandwidth (above 7 dB) is obtained. The simulated gain of the antenna is over 5 dB
from 9.8 GHz to 19 GHz and the maximum gain is 9.16 dB at 14 GHz.

2. ANTENNA MODEL

Figures 1(a) and (c) shows an antenna structure with one slot, which is a sandwich of three dielectric
layers. D1 and D3 are made from a material with the relative permittivity of 2.2. Under the first
dielectric layer (D1) there is a 50Ω microstrip feed line which is divided into, two 100Ω feed line,
with different lengths, by a two-way microstrip power divider. Between D1 and D3 there is an air
gap with 2 mm thickness (D2) and a patch is placed on top of the third dielectric layer (D3). As it
is shown in Fig. 2 the impedance bandwidth of the antenna with one slot is 4.1GHz (34.5%) and
the gain bandwidth is 3.2 GHz (26%).

As it is shown in Fig. 1(b), without changing the dimensions of the patch and feed lines, by using
two slots and decreasing the thickness of D2 and D3 a new structure is achieved. In the second
structure there is one slot above each of the 100 Ω feed lines. The structure has three resonant
frequencies. The distance between the slots (S1), their positions (L5 and L6) and their lengths
(L7 and L8) and the lengths of feed lines (L3 and L4) have an important effect on the resonant
frequencies and the impedance bandwidth of the antenna. By changing these parameters one can
set the resonant frequencies by each other to increase the impedance and gain bandwidth of the
antenna. All dimensions of the antenna are shown in Table 1.

Table 1: Dimensions of the Antenna.

W S, S2 S1 L1 L2 L3 L4 L5, L6 L7 L8

7mm 0.2mm 1mm 16mm 9.7mm 4mm 5 mm 2.5mm 8 mm 8.5mm
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Figure 1: Antenna structure: (a) Top view of the antenna with one slot, (b) Top view of the antenna with
two slots, (c) Side view of the antenna.
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Figure 2: (a) VSWR, (b) Gain of the antenna with one slot.

Figure 3 shows VSWR and gain of the antenna with two slots. It is clear that the antenna
has VSWR< 2 from 9.8 GHz to 22 GHz and 6.1 GHz (42%) gain bandwidth (above 7 dB). The
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simulated gain of the antenna is over 5 dB from 9.8 GHz to 19 GHz and maximum gain is 9.16 dB
at the frequency of 14 GHz. By comparing Figs. 2 and 3 one can understand that, using two slots
increase the impedance and gain bandwidth of the antenna.
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Figure 3: (a) VSWR, (b) Gain of the antenna with two slots.

3. CONCLUSIONS

This paper presents the design of an ultra wideband multilayer microstrip antenna by using two
slots. In this structure there is a rectangular patch and a U-shaped feed line. The slots and patch
are separated by a substrate with low dielectric constant and an air gap. This paper shows that
using two slots can increase impedance and gain bandwidth of the antenna. Finally an antenna with
VSWR< 2 from 9.8 GHz to 22 GHz and 6.1 GHz (42%) gain bandwidth (above 7 dB) is obtained.
The simulated gain of the antenna is over 5 dB from 9.8 GHz to 19 GHz and maximum gain is
9.16 dB at the frequency of 14GHz. However, an optimization procedure is needed to consider
other characteristics of the structure such as radiation pattern of the antenna.
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