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Abstract—A compact multiband design of a printed microstrip
patch antenna with two rectangular U-shaped parasitic elements
is introduced in this paper. The rectangular U-shaped parasitic
elements were used for the 2nd and 3rd mode excitation, multi-
band resonance and control of the resonance frequencies. The
simulation and measurement results showed that the antenna
resonates at the frequencies of 2.6 GHz, 6.0 GHz, and 8.5 GHz.
The antenna has an overall area of 40.0× 30.0 mm2.

Index Terms—Parasitic patch, WiMax, multiband.

I. INTRODUCTION

Modern requirements for wireless communication systems
has led to the development of new technologies with multiband
capabilities. Printed dipoles, monopoles and planar structures
[1]-[3] have been used extensively to fulfil these multi-
platform needs. Moreover, these designs have replaced the
need of multiple antennas for different wireless bands. In
order to incorporate these radiating elements in small portable
devices, the radiating elements are typically required to be
compact and efficient [4]-[7]. Also, in related work, the
compact rectangular ring microstrip patch antenna with a
coplanar waveguide feed technique was presented in [8]. This
CPW antenna resonates at different frequencies but shows
less of an impedance match at higher frequencies. A multi-
layered structuring approach was also presented in [9] and
this proposed structure increased the height of the microstrip
patch. Multiple resonance in the patch antennas was also
achieved by using the stubs and slots of different shapes in
[10]. Furthermore, inverted L- and T-shaped parasitic elements
at both the radiating apertures of a microstrip patch antenna
was reported in [11], while multiple resonances were achieved
through the coupling and perturbation to the microstrip design.

The antenna design in this paper (shown in Fig. 1) differs
from the aforementioned designs by using U-shaped parasitic
elements to achieve multiband resonant tunability. Meaning the
proposed design has the flexibility to resonate at either a single
frequency or multiple frequencies by suppressing the higher
order modes. HFSS v. 15.0 [12] was used for the simulation
of the antenna and a parametric analysis of the design was
done on the dimensions of the U-shaped parasitic elements to
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Fig. 1. (a) Top view of the proposed microstrip patch antenna and (b) side
view (a = 27.0 mm, b = 14.5 mm, b1 = 2.5mm, c = 27.0 mm, d = 7.5 mm,
e = 27.0 mm, f = 14.5 mm, g = 12.55 mm, h = 1.7 mm, i = 0.75 mm and
j = 2.1 mm and H = 6.0 mm.)

demonstrate the control of the mutliband resonant frequencies,
and to suppress the higher harmonics such as 5.0 GHz and 7.6
GHz.

II. ANTENNA DESIGN PROCEDURE AND STRUCTURE

Fig. 1(a) shows the proposed microstrip antenna with the U-
shaped parasitic elements on a Rogers TMM4 substrate with
εr = 4.5 and a thickness of 1.52 mm. The dimensions shown
in Fig. 1(a) were determined from the parametric analysis
and the results are shown in Figs. 2 and 3. It was noticed
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Fig. 2. Parametric analysis of variation in multiband response.
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Fig. 3. Variation of higher harmonic suppression.

that changing the length of stub 1 and stub 2 along y-axis
resulted in the variation of the resonance frequencies, as shown
in Fig. 2. Whereas, the suppression of higher order modes
and the flexibility of the multiband characteristics (i.e., such
as selection between a single and multiple resonant bands)
can be obtained by decreasing the length of the center patch,
as shown in Fig. 3. Also, increasing the lengths a, c and e
simultaneously results in moving all the resonance bands to
lower frequencies due to the increase of the electrical length
of the antenna.

III. RESULTS AND DISCUSSION

Fig. 4 shows the fabricated prototype using the values
determined from the parametric analysis listed in Fig. 1(a).
Fig. 5 shows the simulated and the measured |S11| values
for the multi-frequency microstrip antenna. It was observed
that there is a good impedance match at all the frequencies
and the accuracy of the parametric analysis in HFSS. The
simulated −10 dB bandwidths were found to be 50MHz,
22.8 MHz and 30 MHz for the 2.6 GHz, 6.0 GHz, and
8.5 GHz (i.e., WiMAX, vehicular LAN and weather radars)
bands, respectively. Furthermore, the simulated gain at these
bands was determined to be 6.2 dBi, 4.52 dBi and 6.9 dBi,
respectively.

IV. CONCLUSION

In this paper a compact microstrip antenna with U-shaped
parasitic elements was presented. A parametric study on
varying the dimensions of the U-shaped parasitic elements
was conducted and suppression of the higher order modes and
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Fig. 4. Fabricated prototype.
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Fig. 5. S-Parameters of the proposed design.

multiband tunability was demonstrated. The performance of
the prototype was experimentally verified using a network an-
alyzer and good agreement was observed among the measured
and simulated results.
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