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Abstract: In this paper, a novel multiple slot microstrip patch antenna with enhanced bandwidth is
presented. The design adopts contemporary techniques namely; probe feeding, inverted patch structure
and multiple slotted patch. The composite effect of integrating these techniques and by introducing
the novel multiple shaped patch, offer a low profile, wide bandwidth, high gain and compact antenna
element. The proposed patch has a compact dimension of 0.707 �0 × 0.3 54 �0 (where �0 is the guided
wavelength of the center operation frequency). With the proposed concept, an antenna prototype is
simulated and analyzed. The proposed antenna achieves a fractional bandwidth of 27.15% (1.91 to
2.51 GHz) at 10 dB return loss while maintaining a maximum gain of 10.5 dBi. The design is suitable
for array applications especially for base station.
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INTRODUCTION

The current demand of wireless communication systems and their miniaturization, antenna design becomes
more challenging in present days. The main reason of microstrip patch antenna to attract wide interest is
because of its inherent characteristics such as light weight, low profile, low cost, mechanically robust, simple
to manufacture, easy to be integrated with MIC/MMIC and others RF devices (Yang et al., 2008; Yang and
Luk, 2008). In spite of its several advantages, microstrip patch antennas suffer from low gain and a narrow
impedance bandwidth. To overcome its limitation of narrow impedance bandwidth and low gain, many
techniques have been suggested e.g., for probe fed stacked antenna, microstrip patch antennas on electrically
thick substrate, slotted patch antenna and stacked shorted patches have been proposed and investigated (Pozar
and Schaubert, 1995; Sanchez-Herndez et al., 1996; Chang, 2000).

The size of microstrip patch antenna is basically determined by its resonance length and width. The
reduction of the patch size can be achieved by using patch substrate material with very high permittivity and
small substrate height (James et al., 1981). But, in this case, the low radiation efficiency will reduce the
antenna gain. By using two stacked patches with the walls at the edges between the two patches, one can
obtain high gain (Egashira and Nishiyama, 1996).

Recently, aperture-coupled fed stacked patch antenna (Targonski et al., 1998) have been investigated and
reported for wider bandwidth, however, the major drawbacks are the level of back radiation due to the use of
a resonant aperture and the surface wave excitation. The uses of L-shaped or F-shaped probes have also been
proposed yielding to wide impedance bandwidths (Ooi and Lee, 1999; 2001), an L-probe fed stacked U-Slot
patch antenna was proposed with wider impedance. However, feeding techniques in these designs especially
of the probes have increased complexity of the design and fabrication process; also the corresponding gains
of these antennas are low. In this paper, a novel multiple slotted patch is investigated for enhancing the
impedance bandwidth and gain.

MATERIALS AND METHODS

The geometry of the proposed antenna structure is shown in Fig. 1. The proposed multiple slotted patch
antenna structure is composed of rectangular patch, air substarte and a vertical probe connected to the patch.
For a microstrip antenna, the patch width w and length l that support the operation at the required resonant
frequency can be designed using the formulas as given in (Hirasawa, 1991) as
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The location of the probe point example, if (x1, y1 ) for matching to 50 ohm can be determined as
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where 0�y1<l/2 (Stustzman and Thiele, 1998).

While for a microstrip antenna, it is found that the patch length can still be designed using formulas (1)
to (6) for the required resonant frequency. However, the patch width calculated by formula (1) usually needs
to be widen to ensure the excitation and matching using the probe feed.

In this design, the inverted rectangular patch, with dimension of 0.707�0 ×0.354�0 is supported by a low
dielectric superstrate with dielectric permittivity �r and thickness h1. An air-filled substrate with thickness h
is sandwiched between the superstrate and a ground plane.

The proposed patch integrates with multi slots on the same radiating element are embedded in parallel on
the radiating edge of the patch symmetrically with respect to the centerline of the patch. The multiple slots
of the patch are shown in Fig. 1(a), where, l1 and w1 are the length and width of the slots. The patch is fed
by a direct connected probe along the centerline at a distance fP from the edge of the patch as shown in Fig.
1(b). Table 1 shows the optimized design parameters obtained for the proposed patch antenna. A Rogers RT
5880 Duroid™ dielectric substrate with dielectric permittivity, �r of 2.2 and thickness, h1 of 1.5748mm has
been used in this research. An aluminum plate with dimensions of 1.473 �0 ×1.326 �0 and thickness of 1 mm
is used as the ground plane.

Reducing the size of the antenna is one of the key factors to miniaturize the wireless communication
devices. However, reducing the antenna size will usually reduce its impedance bandwidth as well. Therefore
designing a small antenna with a wide impedance bandwidth which satisfies future generation wireless
application is a challenging work, especially having stable radiation patterns across the operating frequency
band. In this paper, the use of probe feeding technique, multiple slotted on the patch with thick air-filled
substrates provide the wide bandwidth and gain enhancement and the use of parallel slots reduce the
crosspolarization. The multi slots of the proposed patch introduce a capacitive reactance, which counteracts the
inductive reactance of the probe pin and produces second resonance of the patch to achieve a wide bandwidth.

RESULTS AND DISCUSSIONS

A simulator “Ansoft HFSS” based on finite-element method (FEM) has been used to calculate return loss,
impedance bandwidth, radiation pattern and gain. Fig. 2 shows the simulated result of the return loss of the
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proposed antenna. The two closely excited resonant frequencies at 2.0 GHz and at 2.35 GHz as shown in the
figure gives the measure of the wideband characteristic of the patch antenna. The simulated impedance
bandwidth of 27.15% from 1.91 GHz to 2.51 GHz is achieved at 10dB return loss (VSWR�2).

Fig. 1: Geometry of the proposed patch antenna: (a) Top view and (b) side view.

Table 1: Proposed patch antenna design parameters in millimeters (mm)
Dimensions w l w1  l1
(mm) 96  48  14.5  42
Dimensions w2  h h1  fP
(mm) 7 12.5 1.5748 8.5

Fig. 2: Simulated return loss of the proposed patch antenna.
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The simulated radiation patterns at the both resonant frequencies in the xz-plane and yz-plane are plotted
in Fig. 3. As shown in Fig. 3, the designed antenna displays good broadside radiation patterns in the xz-plane
and yz-plane at resonant frequency of 2.0GHz and 2.35GHz. It can be seen that 3-dB beamwidth of 56º and
58º for xz-plane and yz- plane respectively at 2.0 GHz, and 52º and 46º for xz-plane and yz-plane respectively
at 2.35 GHz. The crosspolarization level is lower than about -43dB and -48dB in xz-plane at resonant
frequency of 2.0GHz and 2.35GHz respectively. The proposed antenna exhibits better crosspolarization than
the design reported in (Tariqul Islam et al., 2007). Notable, the radiation characteristics of the proposed antenna
are better to those of the conventional patch antenna.

              (a)

              (b)
Fig. 3: Normalized radiation pattern of proposed patch antenna at resonance frequency a) 2.0GHz, b) 2.35

GHz.

The surface current distribution is illustrated in Fig. 4, including the current flow on multi-slotted area of
the patch. It is simulated by using the HFSS at the frequency of 2.35 GHz. Due to identical manner of current
flow in both resonant frequencies on the antenna, only current distribution on the second resonant frequency
is depicted in the figure. Arrows show direction of the current distribution. It is can be observed from the
figure that the current intensely flows at the edge of the main slot especially near the feeding probe and outer
edge of the patch.

The simulated gain of the proposed patch antenna at various frequencies is shown in Fig. 5. As shown
in the figure, the maximum achievable gain is 10.5 dBi at the frequency of 2.2GHz and the gain variation is
1.57dBi between the frequency ranges of 1.91GHz to 2.51GHz (i.e. a gain bandwidth of 27.15%). The gain
of proposed antenna is better than those antennas reported in (Ooi and Lee, 1999; 2001; Tarqul Ialam et al.,
2007).
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Fig. 4: Simulated current distribution at 2.35 GHz.

Fig. 5: Simulated gain of proposed patch antennas at different frequencies.

In Fig. 6, a parametric study on the proposed antenna has been performed to investigate the effects of the
antenna parameters on the impedance matching. The length of the slot (l1) on the patch equals 42 mm is used
in the reference model. It can be observed that the upper and lower resonances are shift upward with
decreasing of slot length. Again, with increasing slot length, the upper resonance shift downward resulting in
a reduction in the bandwidth. It is concluded that the slot length governs both the lower and upper resonances
which affected the impedance matching.

Fig. 6: Effect on return loss of different slot length (l1) of the proposed patch.
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Conclusion:
A multiple slotted patch antenna for enhancing bandwidth and gain is successfully designed in this paper.

Simulation results of a wideband microstrip patch antenna covering 1.91 to 2.51 GHz frequency have been
presented. Techniques for microstrip broadbanding, gain enhancement, and crosspolarization reduction are
applied with significant improvement in the design by employing proposed slotted patch shaped design,
inverted patch, and probe feeding.

The proposed microstrip patch antenna achieves a fractional bandwidth of 27.15% (1.91 to 2.51 GHz) at
10 dB return loss. The maximum achievable gain of the antenna is 10.5 dBi. The proposed patch has a
compact dimension of 0.707 �0 × 0.354 �0. The design has demonstrated that patch with multiple slots and
probe fed can be used to form an antenna with the broad bandwidth of 27.15%, furthermore due to its high
gain, and broad bandwidth more applications can be anticipated.
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