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A Novel GPS Patch Antenna on a Fractal
Hi-Impedance Surface Substrate

X. L. Bao, G. Ruvio, M. J. Ammann, and M. John

Abstract—A compact high-performance circularly-polarized
microstrip antenna for the global positioning system application
is proposed. It comprises a fractal hi-impedance surface electro-
magnetic bandgap (EBG) structure printed on a high permittivity
substrate. Measurements and simulation of return loss and axial
ratio are in good agreement. It is shown that the proposed Global
Positioning System antenna has good axial ratio performance in
the upper half-plane, an improvement in gain and a significantly
wider axial ratio bandwidth when compared to the same antenna
without EBG.

Index Terms—Axial ratio, fractal hi-impedance surface, Global
Positioning System (GPS) antennas.

I. INTRODUCTION

M ICROSTRIP patch antennas have been rapidly devel-
oping for the last three decades. They are used in many

applications because of their low-profile, lightweight, ease of
fabrication and low-cost [1]–[3]. Circularly polarized patch
antennas are often used for Global Positioning System (GPS)
applications, where miniaturization and high performance are
required [4]. Miniaturization and performance are difficult to
achieve simultaneously, particularly at lower frequencies. Some
studies have been reported, which improve the performance of
patch antennas using periodic structures [5], [6]. In fact, it is
well-known that a patch antenna on a high dielectric constant
substrate is a highly inefficient radiator due to surface wave
losses and has a very narrow bandwidth. However, significant
effort has been recently made to realize high performance
antennas employing electromagnetic bandgap (EBG) structures
printed on high permittivity substrates. In this paper, a novel
high performance GPS patch antenna based on the fractal
high-impedance surface EBG structure is described. Measure-
ments show that the proposed GPS patch antenna offers good
performance in terms of impedance and axial ratio (AR) band-
width. Moreover, an improvement in terms of gain is obtained.

II. THE FRACTAL HI-IMPEDANCE SURFACE

GPS ANTENNA DESIGN

A square patch antenna with one slit along the edge and one
slot in the center, fed along the 45 axis is shown in Fig. 1. Be-
cause the slit and slot provide perturbation, both the and
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Fig. 1. Geometry of GPS patch antenna with the fractal EBG structure.

Fig. 2. Scheme of the fractal iteration structure. (a) 0th iteration; (b) 1st
iteration; (c) 2nd iteration.

orthogonal modes are excited, which produce circular po-
larization. The optimized dimensions of the patch antenna are:

, , , ,
, the feeding point is along the diagonal, offset

from the center of the square patch by 3.1 mm. The substrate
used is Rogers TMM10, which has a dielectric constant

, a thickness of and the ground plane size
is 80 mm 80 mm. In general, because of surface waves, the
gain of the conventional patch antenna on a high permittivity
substrate is low and the bandwidth is very narrow. In contrast
to that, the proposed fractal EBG enhanced GPS patch antenna
shown in Fig. 1, yields higher gain and wider bandwidth thanks
to the reduction of surface waves.

Fractal shapes have been reported to be a valid tool in antenna
design and EBG applications to achieve larger bandwidth and
easier design of the operating bandwidth [7]–[9]. This particular
geometry can aid miniaturization of the structure and overall
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Fig. 3. Simulated results of S21 for 0th, 1st and 2nd iteration fractal EBG
structure.

Fig. 4. Comparison of S11 for antennas with different rows of fractal EBG
structure.

performance through multiple strategic resonant frequencies. In
this paper, the fractal shapes are provided using the Minkowski
loop generator. The initial shape is the square patch of side
A (0th iteration). In the 1st and 2nd iteration, each side is re-
placed with new scaled generator ( ; ,

, ), where A1, A2 and B1, B2 are,
respectively, segment and indentation lengths shown in Fig. 2.
The period of the proposed EBG structure is 15 mm,

, , , ,
. The inductive contribution to the surface impedance

is increased by connecting each fractal patch to the continuous
ground plane through a shorting pin with a radius of 0.5 mm.

Fractal iterations from the zeroth to the second of the
high-impedance surface are compared in terms of their sim-
ulated transmission characteristics obtained through a finite
element method (FEM). In order to individuate the bandgap of
the different structures treated, a 50 microstip is introduced
above one row of 6 EBG cells and S21 is calculated across the
transmission line (Fig. 3). The microstrip is separated from the
EBG periodic structure by a 1.52 mm Rogers TMM10 layer.
The frequency ranges where is greater than 10 dB is
considered to be a bandgap as referred in [10]. From these

Fig. 5. Measurements and simulations of the GPS antenna with fractal
hi-impedance surface. (a) S11 on Smith chart; (b) measured and simulated
results of S11 on log-scale.

results illustrated in Fig. 3, the 2nd fractal EBG shows a wider
bandstop than the 0th and the 1st iteration based shape. The
structure based on the 2nd fractal iteration presents a bandgap
between 1.22 and 1.76 GHz. Over this range of frequency the
surface offers an S21 greater than 10 dB. Moreover, due to the
additional inductance introduced in the 2nd fractal iteration, the
center frequency of the bandstop is lower than the one observed
for the 0th and the 1st iteration. This technique effectively
leads to the miniaturization of the structure, if only by 10%. In
order to keep the overall dimensions of the antenna small, the
number of EBG cells around the radiating element has to be
designed in such a way to achieve the best compromise between
compactness and performance. Different configurations of the
EBG patch antennas with one, two and three rows of the EBG
cells positioned all around the central patch are simulated.
A comparison of the results shows that the bandwidth of the
antenna decreases when the number of EBG cells increases
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Fig. 6. The simulated and measured axial ratios in the broadside direction.

as displayed in Fig. 4. The decrease in bandwidth is mainly
due to the increase in groundplane size, required in order to
accommodate the extra EBG cells. The proposed design com-
bines the benefit of EBG gain enhancement capability and a
bandwidth-optimized groundplane size (i.e., 80 mm 80 mm).

III. SIMULATION AND MEASUREMENTS

Fig. 5 shows the return loss for the proposed EBG GPS an-
tenna both on a Smith chart and in log-scale. Those plots show
the return loss to be greater than 10 dB from 1566 MHz to 1588
MHz. The simulated and measured axial ratio in the broadside
direction against frequency is shown in Fig. 6. From these re-
sults, the axial ratio bandwidth of the EBG antenna is found
to be better than that of the same patch without EBG by 60%
(3 MHz). The measured axial ratio is less than 3 dB from 1.571
to 1.580 MHz for the optimized EBG antenna. Measured re-
sults show that the center frequency of 1.577 GHz has a min-
imum axial ratio of about 0.60 dB. Measured radiation patterns
at 1.577 GHz are shown in Fig. 7 for the XoZ and YoZ cuts, re-
spectively. These patterns are normalized to the maximum value
(7.0 dBi) and have been obtained through a spinning dipole
technique [11]. A very low axial ratio is measured in the upper
half-plane radiation direction: 0.6 and 1.0 dB, respectively, for
the YoZ and the XoZ cut. In addition to that, a considerable im-
provement of 1.5 dB in terms of gain is obtained when compared
to the same antenna without EBG.

IV. CONCLUSION

A compact GPS patch antenna with an integrated fractal
hi-impedance surface ground plane is presented.

It provides circular polarization with a good AR better than
3 dB within a reasonably wide frequency range, covering the L2
bandwidth of the GPS standard. A gain improvement of 1.5 dB
and a 60% wider axial-ratio bandwidth is achieved in compar-
ison with the same antenna without EBG.

Fig. 7. Measured radiation patterns at 1.577 GHz. (a) radiation patterns for
YoZ plane (5 dB/division); (b) radiation patterns for XoZ plane (5 dB/division).
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