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   Abstract - GPS antennas should cover most of the sky and see as 

much satellites as possible. The antenna should have a broad 

radiation beam and low gain. The antenna must be well-matched in 

the relevant frequencies and be Right Hand Circular Polarized. The 

key factor in GPS systems for high position accuracy and for short 

acquisition time is the antenna. It is the objective of this paper to 

present the requirements from GPS antennas and to describe and 

compare different antenna types.  

 

Index Terms – Global Positioning System (GPS), Satellite 
navigation antennas, Helix antenna, Microstrip antenna. 

I. INTRODUCTION 

GPS (Global Positioning Systems) are gaining huge amount 

of attention in recent years. Besides the well known USA 

constellation, two modern global systems are gradually 

deployed in space (Russian system GLONASS and European 

system Galileo). The multiple systems will provide world-wide 

location services for all types of mobile platforms (airborne, 

shipborne, ground vehicles, containers, persons and many 

others).  

GPS systems use multiple satellites in equally spaced orbits 

that provide potentially five to ten usable satellites from any 

point on the earth's surface. The key factor for the position 

accuracy and for short acquisition time is the antenna. On one 

hand the antenna should cover most of the sky and see as much 

satellites as possible, thus a broad radiation beam with 

hemisphere coverage is required. On the other hand, a minimal 

antenna gain is required for a good Signal to Noise reception. 

It is a common practice that antenna gain higher than 5 dBic 

does not improve the reception but lower gain than -3 dBic 

eliminates proper reception. 

The antenna must be well matched in the relevant 

frequencies (GPS: 1575±3 MHz or 1227±3 MHz, GLONASS: 

1602-1616 MHz or 1246-1257 MHz, Galileo: 1555-1596 

MHz or 1258-1300 MHz or 1146-1238 MHz) and be Right 

Hand Circular Polarized. Axial Ratio (AR) which is the power 

at the major roll angle divided by the power at the minor roll 

angle is also a key factor in reception quality. While at the 

zenith it is not difficult to achieve AR of 2 to3 dB, the AR near 

the horizon is much more problematic. The Axial Ratio is 

connected to the Cross Polarization by the relation: 

 
 

Antenna types range from high-quality Quad-Helix antennas 

with excellent coverage and axial ratio, miniaturized Helix, 

full size Microstrip for external installations, small ceramic 

patches, small Spirals and Chip antennas for internal and hand-

held installations. 

The open challenges for antenna designers are the 

miniaturization and integration into very small printed boards, 

while keeping reasonable performance. Also, for high-end 

applications, there are constant needs to improve the cross-
polarization by controlling the surrounding of the antenna and 
to design antennas for multiple constellations. 

II. LARGE HELIX 

 

 
  

                        Fig. 1.  High quality Helix antennas (SATIMO) 
 

    Cross Pol = (√√√√AR – 1)² / (√√√√AR + 1)²   (1) 
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Helixes are probably the best GPS antennas because 

their large volume ensures good coverage towards the 

horizon. Typical gains are 5-7 dBic at the zenith and -3 to 

0 dBic at the horizon. Axial ratio ranges from 1-2 dB at 

the zenith to 3-6 dB at the horizon. These antennas 

offered by many manufacturers such as Tecom, Satimo, 

European Antennas and many others, are highly suited for 

airborne and shipborne platforms where the performances 

are in first priority (see figure 1). From the single coil, the 

bifilar and the quad-helix options, the quad-helix in which 

the four arms are fed with equal amplitudes and relative 

phases of 0°, 90°, 180° and 270° seems as the optimal 

choice. The overall dimensions are λ/2 height and λ/4 

diameter (see figure 2).  

  

  
 

 

Fig. 2.    Full size Quad Helix (COPPENS)  

 

III. SMALL HELIX 

Dielectric loaded quad helix consists of copper tracks 

deposited onto a high dielectric ceramic cylinder (figure 

3). The dielectric cylinder size is only 10-20 mm thus the 

antenna is most relevant for applications where tight 

integration is required. Since the antenna is balanced and 

small, it has a small interaction with the PCB contents and 

with human tissues. 

These small antennas are offered by Sarantel, Maxtena, 

Skycross and others as "active" antenna which means 

adding of LNA at the antenna ports. In this case the 

parameters of Noise Figure (typically 1 to 2 dB) and gain 

(typically 20 to 35 dB) are often used. It is clear that a 

good antenna should be well matched (VSWR < 1.5) and 

should have high efficiency (>50%). 

 
Fig. 3.   Miniature Quad Helix 18 x 10 mm (SARANTEL) 

IV. MICROSTRIP PATCH 

The Microstrip Patch is the natural choice for small 

terminals where small size, low cost and ease of integration 

into PCB are important. These low-profile antennas (typical 

thickness of 2 to 4 mm) can be fabricated on low dielectric 

substrates (εr = 2 to 6) with typical element size of 30 to 60 

mm or on high dielectric substrates (εr = 20 to 100) with 

typical element size of 15 to 25 mm. 

The Circular polarization is achieved by use of non-

symmetrical square or by edge chamfering or by internal slots 

with non-centered feed point. The high Quality Factor (Q) of 

the resonator is directly related to the narrow bandwidth, in 

the vicinity of 1% which is sufficient for the GPS application.  

The Microstrip patch performance are governed not only by 

the size of the patch but also by the size of the ground plane. 

When the ground plane is smaller than 50 x 50 mm the center 

frequency is shifted (becomes lower), the gain is lowered and 

the axial ratio is deteriorated. The antenna is also sensitive to 

the close environment i.e. the presence of metals and other 

objects. Figures 4 and 5 show microstrip antennas offered by 

Cobham and Boboto with low dielectric substrates and 

relatively large size, suited for external installation.  
 

  
  

Fig. 4.   Full size Patch antenna (Sensor Systems now COBHAM) 
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The gain of these antennas at the zenith is 3 to 5 dBic 

(depends on the size of the patch and on the size of the 

ground). The gain at 10° above the horizon is only -10 dBic to 

-5 dBic. Axial ratio at the zenith is 1-3 dB (depends mainly on 

the clearance area) and the axial ratio at 10° above the horizon 

is 6-10 dB (far from being optimal). Microstrip patches can be 

arranged in arrays and be adapted to conformal surfaces like 

cylinders, cones and spheres to provide desired coverage. 

  
 

Fig. 5.  Patch antenna with magnetic mounting (LAIPAC)  

V. SMALL MICROSTRIP ANTENNA 

Special attention is focused on small microstrip antennas 

printed on high dielectric constant substrates (εr =  40 to 80) 

as shown in Figure 6. These antennas offered today by many 

companies such as Ublox, Taoglas, Inpaq and others, can be 

integrated into portable, mobile and hand-held devices with 

small area. Designers should take into account that the 

performances are much less than reported in the catalogs (the 

manufacturers usually test the antennas on a 50 x 50 mm or 

even 70 x 70 mm cleared ground plane). Typical size of the 

patch are between 25 x 25 mm to 15 x 15 mm. Typical gains 

with proper ground plane are 3 to 4 dBic at the zenith, but 

without a proper ground plane the maximal gain may drop to 

0 dBic and even less. 

 

  
Fig. 6.    Miniature ceramic Patch antennas (UBLOX) 

In many cases the GPS receivers are jammed by closely 

operated radios (like cellular and WiFi modems). Sometimes, 

even digital clocks may cause interferences and lack of 

reception. Two of the useful measures to improve the GPS 

performances are: insertion of a band pass filter at the antenna 

terminals and use of absorbing materials to reduce the 

coupling with other antennas 

VI. WIRE AND CHIP ANTENNAS 

At the low end of possible antenna solutions – if the user is 

willing to accept significant weaker signals and if the 

navigation is not the key feature of the product, - a simple 

linear polarized wire, such as a strip monopole or PIFA 

(Printed Inverted F Antenna) will be sufficient. These 

antennas have a 3 dB polarization loss (in respect to RHCP) 

and lower gains (-3 to -6 dBil). Figure 7 shows a novel design 

of two flat spirals with an integrated receiver in between. 

Chip antennas are even smaller than monopoles. Quoted 

sizes are few mm (see figures 7-8 by Pulse and Antenova) but 

a significant ground is essential. Gains of -10 to -6 dBi are 

common even with ground planes of 30 mm or 40 mm.  
 

 

 

 

 

 

 

 

 

 

 

Fig. 7.   Printed dual spiral 35 x 7 x 2 mm (ANTENOVA) 

 

 
Fig. 8.   Chip antenna 3.2 x 1.6 x 1.1 mm (PULSE) 

 

  
                             Fig. 9.   Chip antenna (ANTENOVA) 
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VII. HIGH END APPLICATIONS 

For high accuracy applications such as site surveys or timing 

some high-quality antennas with large size are required. These 

antennas are designed to suppress cross-polarized signals, 

coming from multi-path interferences. A possible solution for 

the undesired cross polarizations are co-centered choke rings 

as shown in Figure 10. The "pinwheel" technology of Novatel 

offers also excellent multi-path suppression by printed rings, 

rather than three dimensional walls. In measurements and 

calibrations of circular polarized antennas it is recommended 

to measure the radiation patterns by two orthogonal 

transmitters (RHCP and LHCP), and get the cross polarization 

at every angle of azimuth and elevation, rather than rotate the 

tested antenna in the roll plane and find the axial ratio. 

Another concern is the phase variation across the radiation 

pattern. This variation should be compensated by specific 

calibration of the antenna. Some applications require the use 

of more than one satellite installation. For this purpose one 

can find broadband antennas that cover all navigation 

frequencies (1224 to 1616 MHz) in a single aperture as shown 

in Figure 11. 

  
Fig. 10.  Choke rings for reduced cross-polarization (LEIKA) 

 

 

 

 

  
 

Fig. 11.  One antenna for GPS, GLONASS and Galileo (NOVATEL) 

VIII. CONCLUSION 

Antennas are a key factor in the performance envelope of any 

GPS system. They strongly influence the number of received 

signals from different satellites and the signal strength from 

each satellite. Thus, they govern the accuracy and the 

acquisition time of the positioning. Optimal antennas cover a 

half hemisphere with gain between 5 dBic to 0 dBic with axial 

ratio of 2 dB to 6 dB.  

Antennas size varies from 10-15 cm to 1-2 cm pending on 

the specific structure and on the dielectric materials. While 

Quad Helix (in air) is considered as the best choice for high-

level performance, smaller solutions of microstrip patches with 

dielectric loading and dielectric loaded helix are commonly 

used in mobile and hand-held terminals. These antenna should 

be designed and implemented in presence of the actual ground 

plane, close metallic objects and human tissues. Also, the 

interferences from close radios should be reduced to a 

minimum by filters and EMC absorbers.  

At the low end of possible antenna solutions, where the 

positioning is not the main feature of the product, one may 

consider to use a simple linear polarized wire, such as a strip 

monopole or PIFA, with a 3 dB polarization loss and low gain 

of -3 to -6 dBi. Very low noise amplifiers and high quality 

BPF, available today in the market, can compensate for the 

poor gain of the antenna.  
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