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Abstract— A new printed square quadrifilar helix antenna 
(QHA) for circular polarization (CP) is proposed and 
experimentally investigated for the application as a GPS 
receiving antenna in frequency range of about 1.575 GHz. To 
increase the input impedance of QHA, we use the folded 
inverted-F antenna as a helix. Experiment results show that the 
proposed antenna has a 3-dB beamwidth of more than 120° and 
a front-to-back ratio of more than 15 dB. Also, the proposed 
antenna shows the peak gain of -2.5 dBic and the axial ratio 
under 0.5 dB in wanted frequency band. 

I. INTRODUCTION 
 
Global Positioning System (GPS) is a satellited-based 

navigation system to provide instantaneous 3D position, 
velocity and time information almost anywhere on or above 
the surface of the earth at any time [1]. In GPS system, the 
design of the antenna is one of the most important aspects for 
receiving signals from satellites exactly. The antenna is 
expected to cover as many satellites as possible over the 
hemisphere, with high rejection of the multipath and cross 
polarized signals.  

Circularly polarized (CP) patch antennas have been widely 
used for GPS applications due to its broad beamwidth and 
good circular polarization. But a CP patch antenna has a high 
backward radiation as the size of ground plane is reduced [2]. 
This means that the antenna has lesser forward radiation and 
receives more noise from the bottom. So, the C/N of the 
antenna is reduced. 
The quadrifilar helix antenna (QHA) invented by Gerst [3], 
[4] consists of four tape helices equally spaced 
circumferentially on a cylinder and fed with equal amplitude 
signals with relative phases of 0°, 90°, 180°, and 270°. This 
antenna is suitable for GPS receiver antenna because of its 
broad   beamwidth and broad circularly polarized beamwidth. 
Also it has a low backward radiation when the size of ground 
is reduced. Recently, the size of the QHA for GPS is reduced 
more and more for using in handheld mobiles [5], [6]. As the 
size of QHA gets smaller, the mutual coupling between the 
helix is increased. So, the input impedance is smaller and the 
radiation efficiency is decreased [7]. 

 
 

Fig. 1 The geometry of the proposed antenna (Prototype: Wa=10mm, 
Ha=10mm, We=0.7mm, Le=1.5mm, He=2.5mm, α=80°) 
 

In this paper, we proposed a compact printed square QHA 
for GPS application. To increase the input impedance of QHA, 
we used the folded inverted-F antenna as a helix. Also, the 
radiation efficiency is increased. 

II. DESIGN OF PRINTED SQUARE QHA 
 

Fig. 1 shows the geometry of the proposed compact square 
printed QHA.  The antenna is mounted above a grounded FR4 
substrate (thickness 0.6mm, relative permittivity 4.6, and size 
11.5×11.5 mm2). In a grounded substrate, the feeding network 
is implemented to produce four equal amplitude signals with 
relative phases of 0°, 90°, 180°, and 270° to generate 
circularly polarized waves. Each inverted-F helix of QHA, 
printed on a RO4003 substrate (thickness 0.5 mm, relative 
permittivity 3.38), is wound by oneself. Each helix has a 
length of 39 mm, width (We) of 0.7 mm and pitch angle (α) of 
80° to resonate in GPS frequency band. Four printed helices 
are combined into a square QHA using two fixing plates. The 
width (Wa) of the combined antenna is 10 mm and the height 
(Ha) is also 10 mm. To increase input impedance, there is a 
shorted matching line in each helix, which is used as an 
inverted-F antenna. The distance between a helix and a match- 



 
Fig. 2 Measured return loss for the proposed antenna 

 
ing line (Le) and the height of the matching line (He) are 
chosen to be 1.5 mm, 2.5 mm for good impedance match, 
respectively. 

III. EXPERIMENTAL RESULTS 
 

Fig. 2 shows the measured return loss. A very wide 
impedance bandwidth of about 700 MHz centered at about 
1.575 GHz is observed, which is due to the wide bandwidth 
characteristic of the feed network. 

In QHA, reducing the size of the antenna causes a 
decrement of the input impedance of each helix since the 
mutual coupling between helices is increased. If the input 
impedance is decreased, the radiation efficiency is decreased 
and the impedance mismatch is generated between each helix 
and feed network. Hence, the folded inverted-F antenna as a 
helix is adopted to increase the input impedance. When the 
shorted line is added to the helix, the inductance of the shorted 
line is connected to the original impedance of the helix in 
parallel. Therefore, the input impedance is increased when the 
length of the shorted line is increased. In Fig. 3(a), we present 
the real part of the measured input impedance and the 
corresponding imaginary part in Fig. 3(b). Without the shorted 
line, the input impedance is measured as 9.27-j37.329 Ω. 
When the height (He) of the shorted line is increased, both real 
and imaginary part of input impedance is also increased as 
shown in Fig. 3. The measured input impedance 
corresponding to the value of He is given in Table Ι. For good 
impedance matching between the input of each helix and the 
output of a feed network, we choose the height (He) of shorted 
line as 2.5 mm in the proposed antenna. 

The measured peak gain is about -2.5 dBic with a radiation 
efficiency of 30% at center frequency of 1.575 GHz as shown 
in Fig. 4. Also, since the frequency band of GPS L1 
(1563.42~1587.42) is located in 3-dB gain bandwidth, the 
proposed antenna provides stable gain properties. The 3-dB 
gain bandwidth is about 100 MHz.  

 
(a) 

 
(b) 

 
Fig. 3 Measured input impedance of each helix (a) real part (b) imaginary part 
 

TABLE Ι 
MEASURED INPUT IMPEDANCE 

 
He  (mm) Measured input impedance (Ω)

0  9.27 – j37.33 
1.5 73.91 + j5.90 
2.5 93.59 + j8.54 
3.5 208.04 + j70.12 
4.5 327.03 + j126.74 

 
The measured axial ratio is shown in Fig. 4. The proposed 

antenna has a good CP performance because the axial ratio is 
under 0.5 dB at all frequency in GPS L1 band. The axial ratio 
radiation pattern is also measured at 1.575 GHz in Fig. 5. 
Because the proposed antenna radiates a good CP waves 
through forward direction and 3-dB axial ratio beamwidth is 
about 140°, the antenna rejects unwanted cross polarized and 
multipath signals effectively. 



 
Fig. 4 Measured peak gain and axial ratio 

 
Fig. 5 Measured axial ratio radiation pattern 

 
Fig. 6 shows the measured radiation pattern of the proposed 

antenna at 1.575 GHz. In Fig. 6(a), the HPBW (Half Power 
Beam Width) of the X-Z plane is about 140° and that of the 
Y-Z is about 120° in Fig. 6(b). Because the antenna has a 
broad beamwidth about 120°, the antenna covers as many as 
satellites over the hemisphere. The front-to-back ratio is about 
15dB, so the antenna rejects the unwanted signal from the 
bottom of the antenna and the device. 

The implemented proposed antenna is shown in Fig. 7. A 
field test for the proposed antenna was conducted. Fig. 8 
shows the locations of satellites which were observed at 
KAIST, in Daejeon, South Korea in September 15th 2007, 
5:52 pm. The center point is the zenith of an observer and the 
outer circle indicates the horizon. The proposed antenna 
receives a signal from satellites 4, 2, 13, 17, 10, 12, 23, 5 
which corresponds to C/N of 42 dB, 43 dB, 43 dB, 42 dB, 44 
dB, 40 dB, 40 dB, 38 dB as you seen in Fig. 9. According to 
the field test, the radiation pattern coverage of the proposed 
antenna allows the GPS receiver to track satellites at very low 
elevation angles. 

 

 
          (a) 

 
          (b) 

 
Fig. 6 Measured radiation pattern (a) X-Z plane (b) Y-Z plane 

 

IV. CONCLUSIONS 
A new printed square quadrifilar helix antenna for GPS 

receiver has been presented and tested. The experimental 
results show that the input impedance is successfully 
increased by using an inverted-F antenna as a helix. Also, the 
proposed antenna has a good circularly polarized radiation 
performance. The proposed antenna can be used a promising 
candidate for many applications in GPS. 

 



 
 

Fig. 7 The implemented proposed antenna 
 

 
 

Fig. 8 The location of satellites at KAIST, Deajeon, South Korea in 
September 15th 2007, 5:52 pm 

 

 
Fig. 9 Measured C/N of the proposed antenna 
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