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Abstract − A new type of circularly-polarized antenna is 
proposed which consists of two orthogonal segmented half-
loops. The segments are interconnected with printed circuit 
reactive elements, which allow one to tune the reactances in 
order to achieve both a desirable pattern and a good match at 
the input port. A right-hand circularly-polarized antenna is 
designed for GPS L1 operation, which achieves a gain about 
3.6 dBic at zenith, with a gain variation less than 1 dB up to 
55°.  

1 INTRODUCTION 

The Global Positioning System (GPS) uses satellites 
placed in orbital planes that are inclined at a 55° 
angle relative to the equatorial plane of the earth and 
transmit circularly polarized (CP) signals. As such 
GPS antennas are required to have perfect circular 
polarization characteristics to maximize the reception 
of the incoming right-hand CP signal [1]. In addition 
to these radiation characteristics, vehicle GPS 
antennas should be compact, lightweight, and low 
cost, thus printed antennas are highly desirable for 
these applications.  

Small loop antennas have an omnidirectional 
radiation pattern which is similar to the ideal 
magnetic dipole. Two infinitesimal magnetic dipoles 
placed orthogonal to each other and with 90° phase 
difference, can produce a circularly polarized 
radiation pattern. Such a pattern is highly desired for 
GPS applications since a good CP pattern can be 
maintained at all elevation angles. The inherent 
problem with small antennas is that the input 
impedance has a negligible real part in comparison 
with the imaginary part, thus efficient impedance 
matching is difficult to achieve. On the other hand, 
while loop antennas with large circumference can be 
matched to conventional 50 Ω ports, they no longer 
maintain the desirable omnidirectional radiation 
pattern. This is primarily due to the fact that the 
phase of the current on the loop is not uniform. 

2 DESIGN OF THE SEGMENTED HALF-
LOOP ANTENNA 

A printed half-loop antenna (HLA) is proposed which 
is basically an oversized magnetic dipole radiator, 
placed perpendicular to an infinite (or large) ground 
plane. A HLA with its image against a perfectly 
conducting horizontal ground plane (simulating the 
vehicle roof), radiates in the upper half space with a 
pattern that is identical to a full loop antenna in a 
free-space environment. By partitioning the HLA into 

short segments interconnected with lumped 
capacitances and/or inductances it is possible to 
realize an omnidirectional radiation pattern and at the 
same time attain a good matching [2-4]. This is 
achieved by dividing the HLA into n segments, 
where we insert n-1 lumped reactive elements 
between the segments. The other 2 ports (ports 1 and 
n+1 which are connected on one side to the ground 
plane) are excited out of phase to provide an almost 
uniform current flow through the loop [4]. To speed 
up the design process, the initial values of the 
reactances associated with individual loading are 
determined by an indirect optimization routine that is 
based on circuit analysis of the impedance matrix 
created by the EM simulation software Ansys HFSS 
[5]. The optimization objective is to minimize the 
input reflection coefficient and also equalize the 
directivities in the two extreme elevation directions 
in the plane of the loop. Starting with the reactance 
values obtained by the equivalent circuit 
optimization, a direct full-wave optimization of the 
antenna is carried out using Ansys HFSS. In the 
printed circuit version, the optimized values of 
capacitances and inductances are realized using 
parallel-plate overlapping segments, and circular 
loops, respectively, which are fine-tuned with the EM 
solver to achieve the design goals. 

3 DESIGN OF THE GPS HALF-LOOP 
ANTENNA 

To achieve circular polarization two HLAs are placed 
perpendicular to each other as shown in Fig. 1 below. 
The two HLAs are excited with a 90° phase 
difference to provide the orthogonal currents needed 
for circular polarization. Since each HLA is fed by 
two separate ports, the feed system for this antenna is 
five-port network that is matched to a 50Ω input, and 
provides sequential 90° phase shifts to the remaining 
four ports. 

 

Figure 1: Printed circuit model of the antenna. 
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The antenna is designed to generate a right-hand 

CP radiation pattern for the GPS L1 band which 
operates at 1575.42 MHz. Experimental results 
showed that a better omnidirectional CP pattern can 
be achieved by using a circular half-loop rather than 
the square half-loop reported in [4]. Moreover, the 
studies also showed that a slightly larger loop 
diameter will help achieve a broader beam-width. It 
is important to note here that two infinitesimal 
dipoles placed orthogonal to each other with 90° 
phase difference will produce a CP pattern; however 
the gain of such an antenna will drop down by about 
2dBic at 55° with respect to the gain at zenith.  

To maintain compactness, the loop radius was set to 
35 mm, which corresponds to a loop diameter of about 
1.15λ at the design frequency. The loop is divided into 
n segments where n is chosen to be 7. The strip width 
is 4 mm, and a 32 mil Rogers RO4003C substrate is 
used for this design. The optimization goal was to 
achieve an input reflection coefficient magnitude 
below -20 dB, and a CP gain drop of less than 1 dB 
from zenith to 55°, at the design frequency. The initial 
values of the printed circuit capacitors and inductors 
were determined from the single HLA, and fine-tuned 
using Ansys HFSS. Note that in the printed antenna 
model, the capacitance values are realized using 
overlapping parallel-plate segments and the 
inductances are materialized with small circular loops 
as indicated in Fig. 1. The optimized overlap sections 
have an angular length of 2.89° and 0.85° measured 
from the center of the coordinate system. The circular-
loop inductors have a radius of 0.64mm with a trace 
width of 0.4mm. The gain patterns of the antenna at 
1575.42 MHz are given in Fig. 2. The antenna 
achieves a gain of 3.57 and 2.50 dBic at 0 and 55 
degrees, respectively, which is a very desirable pattern 
for GPS coverage. The magnitude of the reflection 
coefficient, Г, is shown in Fig. 3. The return loss 
bandwidth is about 10% which fully covers the GPS 
L1 band. 

 
Figure 2: Gain patterns of the antenna at 1575.42 
MHz. RHCP in φ = 0° (red, dash), RHCP in φ = 90° 
(blue, solid), LHCP in φ = 0° (red, dot-dash), LHCP 
in φ = 90° (blue, dot-long-dash). 

 
 

  
Figure 3: Reflection coefficient magnitude of the 
antenna at the input port. 

 
In summary, a new type of CP antenna is proposed 
which can achieve a very wide beam-width and is well 
suited for vehicular GPS applications. The antenna 
consists of two orthogonal segmented loops where the 
segments are connected together with printed circuit 
reactive elements. This CP magnetic dipole radiator is 
fed by a single 50 Ω input that provides sequential 90° 
phase shifts to the 4 ports of the two HLAs. For 
practical application, the system should be covered by 
a protective radome. 
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