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Abstract: Polarization matching between the transmitter and receivers is an important thing due to the signal losses and 

multipath fading. In GPS application, L1 Band is commonly used to find the location all over the world. In this research, edge-

truncated circularly polarized microstrip patch antenna and slot-loaded circularly polarized microstrip patch antenna are 

presented. The first design is diagonally fed with a single coaxial probe and the upper edges are truncated to reduce the patch 

size. This design provides the bandwidth of 79.5 MHz with the axial ratio bandwidth of 26 M Hz. In the second design, the 

slots are loaded to the patch in order to reduce patch size. The single coaxial diagonal feed is also applied to the patch. This 

design achieves the bandwidth of 56 MHz and the axial ratio bandwidth is about 22 M Hz. The second design can also provide 

the size reduction of 18.16%. However, the gain of the second antenna decreases to 3 dB due to its reduced size. As these 

simulated results, these two designs can be used in L1 Band GPS application. And then, these antenna designs are fabricated 

and measured the results such as return loss and axial ratio. The characteristics of these fabricated antennas are also applicable 

for the targeted application. 
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1. Introduction 

In the design of global positioning system and modern 

wireless communication, miniaturization of the antenna is 

one of the most critical components because GPS receiver 

antennas are usually mounted on the roof of the car and 

handheld devices. Therefore, the first requirement for these 

antennas is to have a compact structure. Nowadays, there are 

many types of antennas to be used as GPS receiving antennas 

such as patch, helix, fractal element antenna, dipole, loop and 

Planar Inverted F antenna. Presently, helix and patch 

antennas are popular due to their design structures and 

specifications [1, 2]. Moreover, there are many techniques to 

reduce the antenna size such as using high permittivity 

materials as the dielectric substrate, folded patch so called 

inverted-U shape, inverted-F shape, shorting pin between the 

patch and the ground plane, slot loaded on the ground plane 

and slot loaded on the patch [5-7]. 

The civilian signals transmitted from GNSS satellites are 

right-hand circularly polarized (RHCP). This circular 

polarization allows the arbitrary orientation of the receiving 

antenna. Moreover, it has the benefit of cross polarization 

rejection. Therefore, the second requirement for GPS 

application is to achieve the circular polarization. In mobile 

and portable communication where the devices frequently 

change their locations and orientations, it is impossible to 

match the orientation between the transmitter antenna and 

receiver antenna [6]. To achieve this polarization matching, 

the transmitter and receiver must have the same frequency 

range, axial ratio, spatial orientation and sense of 

polarization. Circularly polarized antennas are reconcilable 

with these requirements because they can reduce multipath 

effects and provide flexibility in the orientation angle 

between transmitting and receiving antennas, thus circularly 

polarized antennas are widely used in mobile and wireless 

communication such as global navigation system and satellite 

communication system [9]. Moreover, for GPS antenna, it is 

required to have wide beam widths at both the azimuth plane 

and the elevation plane since the antennas have to receive 

radiating signals from at least four satellites at any one time 

to predict exactly the locations and directions on the ground 

[2, 8]. 
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In this research, designing the circularly polarized 

microstrip antenna for GPS application is challenging in 

which it requires two steps. First step is to design the antenna 

which can operate in L1 band for GPS application. For 

second step, circular polarization is achieved by either 

introducing perturbation segments on the single radiating 

patch or feeding the antenna with external power divider 

which can produce equal magnitude and 90 degree out of 

phase. And then, antenna characteristics such as impedance 

bandwidth, 3 dB beam width, gain, axial ratio bandwidth, 

directivity are analyzed and carried out to develop the 

performance of the proposed antenna to meet the 

requirements for the target application area. Finally, the 

optimized antenna design is fabricated using Eleven Lab 

machine at YTU and measured the performance of this 

fabricated antenna with Vector Network Analyzer. 

2. Proposed Model 

Microstrip patch antenna in basic form consists of the 

main four components: metallic patch, dielectric substrate, 

ground plane and feeding structure. The metallic patch can be 

square, rectangular, strip, circular, triangular, elliptical, or 

any combination of these shapes. Mostly, rectangular and 

circular shapes are used because they are the easiest in 

analysis and fabrication [10-16]. 

And then, dielectric substrate layer is placed between the 

patch layer and the ground plane. There are a lots of substrate 

material in specifications to choose according to the 

applications. The higher the value of dielectric constant of 

substrate, the smaller the antenna’s size. The substrates which 

are thin with high dielectric constant are preferable for 

applications in compact structure. 

The ground plane is beneath the substrate layer. In some 

antenna’s design, the perturbations can be placed on the 

ground to enhance the antenna performance, but the cross 

polarization to the backside can be produced. 

The feeding techniques are also presented in chapter 3. 

There are four popular types: microstrip feed, coaxial probe 

feed, aperture-coupled feed and proximity-coupled feed. 

The input impedance of the antenna can be minimized by 

properly positioning the feed position. Without proper 

matching, there can be radiation loss between the 

transmission and receiver. The length of the patch (non-

radiating edge) is typically λg/2 (where λg is the wavelength 

inside the dielectric substrate). This means that the higher the 

resonant frequency, the smaller the antenna’s size in which 

the dielectric constant and thickness do not change [17-24]. 

Patches are usually manufactured by etching or metal 

deposition techniques on low dielectric substrate or ceramic 

substrate to enhance the performance of antenna. However, 

for GPS application, high dielectric material is used to load 

the patch and reduce the size. Ideally, the dimensions of the 

substrate and the ground plane should be several wavelengths 

long from the patch to achieve the better performance. 

It is needed to achieve a circularly polarized microstrip 

antenna for all satellite communication, especially GPS 

application. The first step involves to operate the specified 

frequency bandwidth for GPS L1 band. In second step, 

circular polarization is achieved by either introducing the 

diagonal feed or a perturbation segment to a basic microstrip 

patch antenna. 

3. Design Consideration of Antenna I 

In this design, the rectangular patch shape is firstly chosen 

because of its easy fabrication and analysis. The copper is 

used as the conducting patch and the ground plane. And then, 

FR-4 substrate (εr=4.3) is placed between the patch and 

ground plane as dielectric substrate because it is low cost, 

available in market. 

In this research work, CST studio suit simulation tool is 

used to design the antenna. This tool has been developed 

with Maxwell’s equations easier to understand the 

performance of the antenna. However, in student version, the 

mesh count available for a solver is restricted, and then time 

domain and frequency domain solvers are included. 

The first stage is to design a conventional rectangular 

microstrip patch antenna operating 1.575 GHz (GPS L1 

band) and coaxial probe feed is chosen as its feeding 

methodology because it is easy to impedance match. And 

then, circular polarization can take place when two modes are 

excited with equal magnitude and 90˚ out of phase. To 

achieve this circular polarization, the patch is fed diagonally 

with proper position to be impedance matching. 

Based on the transmission line model, the width and length 

of the patch can be approximately determined using Equation 

1 to 5. These equations can only evaluate the initial 

dimensions of the antenna. Therefore, the parametric study is 

done by adjusting the dimensions of antenna and feed point 

location to meet the characteristics of circularly polarized 

antenna for GPS application. In order to achieve circular 

polarization, diagonal feed technique should be used on the 

conventional microstrip patch antenna for the generation of 

the two degenerate modes. 

Firstly, rectangular microstrip patch antenna is diagonally 

excited and then the length and width of the antenna is tuned 

to match with the impedance of the transmission line. After 

determining the dimensions, the feed point location is 

analyzed to get the axial ratio < 3 dB. The location of the 

feed point dominates the performance of the circular 

polarization. The feed position (f) is done the parametric 

study to give the most acceptable axial ratio and return at the 

desired frequency. 
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where, ∆L is the extension length on each side 

h is height of the substrate 

W is width of the patch 

Leff = L+ 2 ∆ L                                 (3) 
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Figure 1 shows the edge-truncated rectangular patch 

antenna with diagonally feed to produce circular polarization. 

This causes splitting two orthogonal modes with the required 

90˚ phase shift. In this design, the dimensions of ground 

plane are 63mm and 63mm and the dimensions of the patch 

are 45.7mm and 43mm, the thickness of the antenna with 

1.575mm. The location of the feed is also determined at f = 

11 mm. The simulated results of edge-truncated rectangular 

patch antenna in CST simulation tool are also presented. 

 
Figure 1. Geometry of Edge-truncated Rectangular Microstrip Patch Antenna. 

The simulated return loss of the antenna is shown in Figure 

2 and it is extended from 1.5405 to 1.62 GHz (5.04% with 

resonant frequency 1.5784 GHz). Return loss is the loss of 

power reflected back to the source in the transmission line. 

And then, it also presents to measure how well the antenna 

match with the transmission line. The high return loss 

indicates excellence in the matching condition between the 

microstrip antenna and the transmission line. In this case, the 

bandwidth is about 79.5 MHz which is acceptable for GPS 

application. The smith chart plot is also shown in Figure 3 

and shows the input impedance of the antenna at frequency 

1.575 GHz. There is a small loop at the resonant frequency 

which indicates two resonance frequencies which are the 

characteristics of circular polarization. As shown in Figure 3, 

the impedance of the antenna achieves about 55 Ohms at the 

desired frequency which is nearly match with the 

characteristic impedance. This impedance varies with the 

frequency. The overall impedance of the antenna provides 

about 51 Ohms. 
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Figure 2. Graphical Result of Reflection Coefficient varying Overall Frequency. 

 
Figure 3. Smith Chart of Antenna showing Impedance at 1.575 GHz. 

The value of axial ratio presents the characteristic of polarization in antenna. If the transmitter and receiver antennas are 

circularly polarized, they do not suffer the signal loss due to the polarization mismatch. The ideal value of axial ratio has 0 dB 

for circular polarization. The relation graph between the axial ratio, gain and frequency is shown in Figure 4. 

 
Figure 4. Graphical Results of Axial Ratio and Gain at Frequency 1.575 GHz. 

The value of axial ratio must be less than 3 dB to be 

circularly polarized antenna. As shown in Figure 4, the axial 

ratio is lower than 3 dB in the frequency range 1.56 G Hz to 

1.586 G Hz which is a suitable range for GPS application. 

And then, in this figure, the directivity gain of the antenna is 

5.6 dB. However, the absolute gain is about 5.28 dB at 
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1.575G Hz. This result is slightly small, but the beam width 

of radiation pattern is large because it is inversely 

proportional to the antenna’s gain. The circular beam width 

can be viewed in Figure 5. This value can be determined the 

width of the coverage area which has the circular 

polarization. 

 
Figure 5. Axial Ratio Beam Width Result at 1.575 GHz varying Theta ("Φ=90˚"). 

According to this figure, the axial ratio bandwidth is about 

164˚ when the axial ratio is below 3 dB. GPS receiver 

antennas are commonly used on the ground and they need to 

receive signal at least four satellites at once time. Therefore, 

its application requires broad beam width. 

Moreover, to determine the type of circular polarization, the 

characteristic of surface current distribution has to be analyzed. 

It is shown in Figure 6 in which the surface current moves in 

counter clockwise direction at each interval π⁄2. So, this antenna 

design processes Right Hand Circular Polarization (RHCP). If 

the feed position is changed, the type of polarization will be 

changed to Left hand Circular Polarization (LHCP). 

 

Figure 6. Surface Current Distribution of Antenna Design I. 
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And then, the radiation pattern of the antenna should be 

analyzed. This figure is shown in Figure 7. From this figure 

(a), the maximum gain value of the antenna is found at 5.28 

dB with 3 dB beam width of 96.8˚ at 1.575 GHz in the XZ 

plane. The maximum magnitude of the antenna can also be 

found 5.28 dBi with 3 dB beam width of 101.1˚ in the YZ 

plane. 

 

Figure 7. Radiation Pattern for (a) ϕ = 0˚, θ varies 0˚ to 180˚ and (b) ϕ = 

90˚, θ varies 0˚ to 180˚. 

The cross polarization of the antenna means the 

polarization which is orthogonal to the propagation direction. 

If the fields from the antenna are horizontally polarized, the 

cross polarization is vertically polarized. If the radiated fields 

from the antenna are RHCP, the cross polarization means 

LHCP. Therefore, the less the cross polarization, the better 

the radiation pattern of the antenna. There is no antenna 

which is 100% polarized in a single mode. The difference 

between co-polarization and cross-polarization should be 15 

dB in some condition. The following Figure 8 shows the 

relation between co-polarization and cross-polarization of the 

antenna at 1.575 GHz in both two planes. 

 
Figure 8. Relation Between Cross-polarization and Co-polarization (a) ϕ = 

0˚, θ varies 0˚ to 180˚ and (b) ϕ = 90˚, θ varies 0˚ to 180˚. 

Consequently, the size of the antenna is reduced to be 

more flexible for GPS application. Among the methods of 

reducing the size of the antenna, the slots are placed to the 

radiating patch. 

4. Design Consideration of Antenna II 

In this design, the rectangular shaped antenna (ground’s 

dimensions: 76 x 67mm) is used as the initial design. In order 

to reduce the overall size of the antenna, the rectangular 

shaped slots are added at each four edges of the patch in 

which these four slots do not have equality in length. 

Moreover, the diagonal feeding is also excited as Antenna I 

in order to produce orthogonal electric fields which is the 

characteristic of the circular polarization. After perturbation 

step, the best feeding point is also analyzed by doing 

parametric study. When the feed location is changed (the 

values of dimensions are constant), the axial ratio and return 

loss extremely change. These relation graphs are illustrated 

in Figure 9. 

  

Figure 9. Parametric Analysis of Feed Location (f) at 1.575 GHz on Return Loss and Axial Ratio on Slot-loaded Rectangular Patch Antenna. 

According to above figure, the location of the excitation 

relatively dominates on the performance of the antenna. The 

best reflection coefficient (τ = -25.46) point can be found at 

the feed point (f = 5 mm), but at that feed point, the value of 
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axial ration is 3.422 which cannot match with circular 

polarization. And then, the best axial ratio (AR = 0.3562) 

point locates at the feed point (f = 9.5mm), however, the 

reflection coefficient is only -7.9 dB at that feed point. So, 

this point cannot match with the transmission line with 50 

Ohms. 

Therefore, the most suitable feeding point is found out to 

be a compact circularly polarized antenna. For both 

impedance matching and circular polarization of the antenna, 

the feed location (f = 4.5mm) is the proper feeding point for 

L1 GPS application. The optimized antenna’s design is 

illustrated in Figure 10. In this design, the current meanders 

through the patch due to the effect of loaded slots on the 

radiating patch. 

 
Figure 10. Geometry of Slot-Loaded Rectangular Microstrip Patch Antenna. 

In this section, the simulated results of slot-loaded rectangular microstrip patch antenna are described and explained in 

details. Firstly, the relation between reflection coefficient and frequency is presented in Figure 11. 

 
Figure 11. Graphical Result of Reflection Coe fficient varying Overall Frequency. 

The return loss expresses the reflected power back to the 

transmission source. Therefore, the higher the magnitude of 

the return loss, the better the impedance matching of the 

antenna. Mostly, the amount of the reflection coefficient is 

defined below -10 dB for matching condition. In this graph, 

the fractional bandwidth of the antenna is 3.55% in which the 

bandwidth extends from 1.5336 to 1.5896 GHz (56 MHz). 

There is another parameter to check the impedance matching 

condition. This smith chart of the antenna can be found in 

Figure 12. In this smith chart, the impedance of the antenna 

is about 45 Ohms at resonant frequency which is nearly same 

with the characteristic impedance of the transmission line. 
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And then, there can be found small loop which indicates two 

resonant frequencies to generate two orthogonal electric 

fields. In order to produce circular polarization, there must 

have two electric fields which have equal magnitude and 90˚ 

out of phase between them. 

The magnitude of axial ratio responses the performance of 

circular polarization. In linear polarization, the magnitude of 

the axial ratio is infinite. However, the axial ratio of the 

circularly polarized antenna is generally defined below 3 dB. 

For excellent circularly polarized antenna, the value of the 

axial ratio is less than 1 dB. The axial ratio of the ideal CP 

antenna is 0 dB. The GPS receiver antennas frequently 

change location on the ground. Therefore, they must be 

circularly polarized to immune the polarization mismatch and 

faraday’s effect. The graph of axial ratio and directivity gain 

varying overall frequency is illustrated in Figure 13. 

 
Figure 12. Smith Chart of Antenna showing Impedance at 1.575 GHz. 

 
Figure 13. Graphical Results of Axial Ratio and Gain at Frequency 1.575 GHz. 

As shown in Figure 13, the axial bandwidth of the antenna 

is in the frequency range of 1.56 GHz to 1.582 GHz where 

the value of axial ratio is lower than 3 dB that is the 

characteristic of circular polarization. The directivity gain of 

the antenna is about 4.51 dB in which it does not contain the 

matching loss, conductance loss and dielectric loss. And then, 

the absolute gain of this antenna is about 3.06 dB that is why 

the loss tangent of FR-4 substrate is relatively high. When 

the loss tangent of substrate is so high, the dielectric loss also 

increases. However, the beam width of radiation pattern is 

large because it is inversely proportional to the antenna’s 

gain. The circular beam width can be viewed in Figure 14. 

This value can be determined the width of the coverage area 

which has the circular polarization. 

 
Figure 14. Axial Ratio Beam Width Result at 1.575 GHz varying Theta (“Φ=90˚”). 

As shown in Figure 14, the axial ratio beam width is about 

134˚ which is axial ratio less than 3 dB. The wider the beam 

width, the more signal can receive from the GPS satellite. 

Generally, at least four satellites are needed to receive the 

signal from the satellite at once time. 

Moreover, GPS application commonly requires Right-hand 

Circularly Polarized microstrip patch antenna. Therefore, the 

direction of the surface current distribution is analyzed to 
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distinguish the types of polarization such as LHCP and 

RHCP. The current distribution of the antenna which is 

separated the interval π/2 is illustrated in Figure 15. In this 

figure, the magnitude of the current is relatively small 

because of its low gain. However, the surface current on the 

patch moves counter-clockwise direction. As this fact, this 

antenna can be said Right-hand circularly polarized antenna. 

 
Figure 15. Surface Current Distribution of Antenna Design II. 

 
Figure 16. Radiation Pattern for (a) ϕ = 0˚, θ varies 0˚ to 180˚ and (b) ϕ = 

90˚, θ varies 0˚ to 180˚. 

The radiation pattern is one of the most important 

parameters in the radiation part of the antenna. The types 

of radiation and how antenna receive or transmit can be 

distinguished by checking this radiation pattern. There are 

many types of radiation pattern such as omnidirectional, 

bi-directional and uni-directional. The radiation pattern 

with maximum magnitude of gain is presented in Figure 

16. According to this figure, the maximum gain can be 

found 3.06 dB with beam width 113.8 degree in XZ plane 

and the maximum gain can also be found the same gain in 

YZ plane, however, the beam width is narrower than XZ 

plane. 

Another parameter of the antenna is cross polarization 

which is unwanted signal. Generally, the magnitude of cross 

polarization should be less 15 dB than co-polarization. If so, 

the purity of the antenna’s radiation can be received. The 

relation between the co-polarization and cross-polarization is 

illustrated in Figure 17 (a) XZ plane and (b) YZ plane. As 

shown in figure, this antenna design can relatively achieve 

low cross-polarization radiation. 
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Figure 17. Relation Between Cross-polarization and Co-polarization (a) ϕ = 

0˚, θ varies 0˚ to 180˚ and (b) ϕ = 90˚, θ varies 0˚ to 180˚. 

5. Comparison Between Antenna Design 

I and Antenna Design II 

The implementation of design and simulated results in 

CST simulation tool are presented in above sections. There 

are good points and weak points of the input characteristic 

and radiation characteristic of design pattern in these two 

antenna designs. Table 1 describes the comparison between 

edge-truncated microstrip patch antenna and slot-loaded 

microstrip patch antenna. 

Table 1. Comparison Between Edge-truncated Microstrip Patch Antenna 

and Slot-loaded Microstrip Patch Antenna. 

Antenna Characteristics 
Edge-truncated 

antenna 

Slot-loaded 

antenna 

Reflection coefficient -26.9 dB -21.69 dB 

Bandwidth 79.5 MHz 56 MHz 

Axial Ratio 0.337 dB 0.82 dB 

Axial Ratio Bandwidth 26 MHz 22 MHz 

Directivity gain 5.6 dB 4.5 dB 

Absolute Gain 5.28 dB 3.06 dB 

Beam width 96.8 degree 113.8 degree 

AR beam width 101.1 degree 134 degree 

Patch dimensions 45.7 x 43 mm 37.4 x 35.1 mm 

Ground dimensions 63 x 63 mm 50 x 50 mm 

6. Discussions 

In this research, two circularly polarized microstrip patch 

antennas are designed in CST simulation tool, fabricated 

using milling machine at YTU and finally measured the 

characteristics of these fabricated antennas using Vector 

Network Analyzer. These two antenna designs are analyzed 

on the characteristics of simulated and measured results. In 

Antenna design I (edge-truncated microstrip patch antenna), 

the dimensions of the ground plane are 63 x 63 mm and that 

of the patch are 45.7 x 43 mm. The directivity gain of this 

design is about 5.6 dB and the absolute gain is 5.28 dB. 

Therefore, the gain efficiency ƞ of 94.28% is resulted on this 

design. And then, the 3 dB beam width of 96.8 degree will 

also be found, thus this antenna design can receive signal 

from large coverage. The beam width with the axial ratio less 

than 3 dB have 101.1 degree. The impedance bandwidth and 

axial ratio bandwidth of this design also result 79.5 MHz and 

26 MHz respectively. These bandwidths are applicable for 

GPS L1 band application in which the specified bandwidth of 

the GPS application is at least 10 MHz. The magnitude of the 

return loss can be found about -26.9 dB and the value of the 

axial ratio can also be found about 0.337 dB at resonant 

1.575 GHz. In measured results, the magnitude of return loss 

is about -24.9 dB at 1.575 GHz and the frequency range 

extends from 1.54625 to 1.598 GHz and from 1.667 to 

1.7015 GHz. The dual resonant frequencies can be found in 

the fabricated antenna. The value of axial ratio frequently 

changes varying with overall frequency. 

In Antenna design II (slot-loaded to the patch), the 

dimensions of ground plane are 50 x 50 mm and that of the 

radiating patch are 37.4 x 35.1 mm. Therefore, the design II 

can be reduced in size 18.16% of the antenna design I adding 

slots to the patch. This result influences the gain of the 

antenna. By adding these slots, the size of antenna can be 

reduced, however, the gain of this design becomes low value. 

As this low gain, the radiation pattern becomes wider. The 

directivity gain and absolute gain can be achieved 4.5 dB and 

3.06 dB, thus the efficiency of this design has 68% because 

of spurious radiation of the patch. The 3 dB beam width is 

113.8 degree and the axial ratio beam width is about 134 

degree respectively. So, the beam width of design II 

processes the wider beam width. And then, the impedance 

bandwidth is about 56 MHz and the axial ratio bandwidth can 

also be found about 22 MHz. Consequently, the magnitude of 

the return loss can be found -21.69 dB and the value of axial 

ratio is 0.82 dB which meets the specification of circular 

polarization. In the measurement, the -10 dB impedance 

bandwidth can be found from 1.59225 to 1.53475 GHz. And 

then, the value of axial ratio has less than 3 dB at resonant 

1.575 GHz. 

The main problem for this work is to find the suitable 

antenna design for GPS applications which would be affected 

to enhance the performance of the system. According to the 

analyses on antenna design I and II, the technical sound on 

antenna design II belongs to the high performance condition 

for GPS applications. 

7. Conclusion 

The GPS application requires the performance of circular 

polarization because this polarization can reduce the polarization 

mismatch and misalignment between the transmitting and 

receiving antennas. Consequently, GPS receiver antennas are 

impossible to constantly match with the polarization due to these 

antennas are mobile devices on the ground. This research work 

focused on designing circularly polarized microstrip patch 

antenna for GPS L1 band application. This paper presented two 

new designs based on the rectangular patch. The first antenna 

design is achieved by cutting the upper edges of the patch and 

adding the rectangular perturbation to reduce the overall size of 

the antenna. According the simulated results in CST simulation 

tool, the characteristics of this antenna design such as impedance 

bandwidth, the axial ratio bandwidth, gain and angular beam 

width meet the required specifications of GPS application. 
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Therefore, this antenna design I can be used for GPS receiver 

antenna in the handheld devices in practice. In the measurement 

of fabricated antenna design I, the resonant frequency can be 

found at 1.575 GHz. Therefore, this fabricated antenna can also 

operate in GPS L1 Band application. 

In second design, four slots are loaded to the edge of the 

patch and a central slot is added to reduce the patch size. The 

diagonal excitation technique dominates the performance of 

circular polarization. The characteristics of this simulated 

antenna design are suitable for the requirements of GPS 

application such as impedance bandwidth, the axial ratio 

bandwidth, gain and angular beam width. As these simulated 

results, this antenna design is applicable for GPS L1 band 

application. And then, the measured result of return loss also 

reconciles with GPS application by comparing with [5]. 

The antenna design II possesses better reducing size model 

than design I. However, the performance of design I is better 

than that of design II. The characteristics of antenna design II 

are also specified with the required facts of GPS receiver 

antenna. Therefore, the antenna design II is more suitable for 

handheld receiver device. 
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