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I. INTRODUCTION 

Different services provided by satellite navigation systems 

have proliferated globally in the military arena as well as in the 

commercial and consumer markets. Four global navigation 

satellite systems (GNSSs) currently exist in the world-global po-

sitioning system (GPS), GLObal NAvigation Satellite System 

(GLONASS), Galileo, and Compass. Accordingly, antennas for 

GNSS applications have attracted considerable attention. An 

antenna for a GNSS receiver requires broadband characteristics 

fully covering the 1.146-1.616 GHz band, right-hand circularly 

polarized (RHCP) radiation with a wide beamwidth, and a high 

front-to-back ratio [1]. The current literature describes many 

broadband CP antennas for GNSS applications [2-7], where 

the CP radiation is realized in a broad frequency range by using 

several power combiners/splitters and phase shifters in the fee-

ding network for these antennas. Unfortunately, this generally 

complicates the antenna design and fabrication. 

In 1961, Bolster demonstrated that single-feed crossed di-
poles connected in parallel can be generated CP radiation [8]. 

The required power and phase relationships are obtained by the 
proper choice of the lengths of the two dipoles [8]. 

This approach has been used to investigate single-feed com-
posite cavity-backed crossed dipole antennas with a wide-beam 
CP radiation for GNSS applications [9-12]. Their operational 
bandwidths, however, do not fully cover the GNSS spectra. 
Recently, alternative engineering approaches have been taken for 
the single-feed crossed dipole antenna in order to broaden the 
operating bandwidth; a crossed dipole incorporated with pa-
rasitic loop resonators has achieved an impedance matching 
bandwidth of 1.9-2.9 GHz and an axial ratio (AR) bandwidth 
of 2.25-3.0 GHz [13]. A crossed dipole was designed with 
wide open ends for an impedance matching bandwidth of 1.99-
3.22 GHz and an AR bandwidth of 2.30-2.90 GHz [14]. A 
modified magneto-electric dipole antenna with an overall size of  
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Abstract 
 

A wideband circularly polarized (CP) antenna with a single feed is proposed for use in global navigation satellite systems. Its primary radiation 

elements are composed of two orthogonal bowtie dipoles, which are equipped with double-printed vacant-quarter rings to allow direct matching 

of the antenna to a single 50-Ω coaxial line and to produce CP radiation. The crossed bowtie dipole is appropriately incorporated with a planar 

metallic reflector to produce the desired unidirectional radiation pattern as well as to achieve a wideband characteristic in terms of impedance 

matching and axial ratio (AR) bandwidths. The designed antenna was fabricated and measured. The prototype antenna with an overall 1.2-GHz 

frequency size of 0.48 λo×0.48 λo×0.25 λo produced a measured |S11|<-10 dB bandwidth of 1.05-1.79 GHz and a measured 3-dB AR 

bandwidth of 1.12-1.64 GHz. It also showed right-hand CP radiation with a small gain variation (±0.3 dB) and high radiation efficiency 

(>93%) over the operational bandwidth. 
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160×160×42 mm3 has enlarged the impedance matching 

bandwidth to 1.32-2.85 GHz and the 3-dB AR bandwidth to 

1.69-2.75 GHz [15]. 

This paper presents a single-feed CP crossed bowtie dipole 

antenna with a wideband characteristic; its matching impedance 

bandwidth for |S11| < -10 dB is 1.05-1.79 GHz and its 3-dB 

AR bandwidth is 1.12-1.64 GHz, both of which fully cover all 

GNSS frequency bands. Two bowtie dipoles are arranged or-

thogonally through double-printed rings, which contribute to 

generation of the CP radiation and enable direct matching of 

the antenna to a single 50-Ω coaxial line. A unidirectional radia-

tion pattern is produced by equipping the proposed antenna 

with a planar metallic reflector. The antenna is first charac-

terized by the ANSYS-Ansoft High Frequency Structure Si-

mulator (HFSS) and then verified by measurements. 
 

II. ANTENNA GEOMETRY 

Fig. 1 shows the geometry of the proposed antenna, which is 

composed of a radiator, a coaxial line, and a planar metallic 

reflector. The primary radiation element consists of two spatial 

orthogonal bowtie dipoles, which are designed on both sides of 
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Fig. 1. Geometry of the proposed antenna: (a) top view of the radiator 

and (b) cross-sectional view with the metallic reflector. 

a 90×90 mm2 Rogers RO4003 substrate with a relative permi-

ttivity of 3.38, a loss tangent of 0.0027, and a thickness of 

0.8128 mm. A pair of vacant-quarter printed rings is used as a 

feeding network and enables direct matching of the antenna to a 

single 50-Ω coaxial line and excitation of CP waves in the 

broadside direction. The outer wall of the coaxial cable is 

connected to the reflector and the bottom layer. A small hole is 

pierced into the bottom layer; the hole diameter is larger than 

that of the inner conductor to guarantee the separation between 

the bottom layer and the inner conductor. Finally, the inner 

conductor is connected to the top layer. The crossed bowtie 

dipoles are suspended at a distance H above a 120×120 mm2 

square metallic reflector. The antenna was optimized to have an 

operational bandwidth covering all GNSS frequency bands. The 

design parameters of the optimized antenna are as follows: L =  

44.4 mm, Ri = 7.4 mm, Wr  = 1.4 mm, α = 81º, hs = 0.8128 mm, 

and H = 62.5 mm. 
 

III. RADIATION MECHANISM OF THE ANTENNA:  

A PROPER COMBINATION OF CROSSED DIPOLE  

AND ORTHOGONAL SLOT ANTENNA 

For the initial purpose, the crossed bowtie dipole radiator was 

backed by a metallic reflector (perfect electric conductor [PEC]) 

to redirect one-half of the radiating wave to the opposite 

direction, and consequently, to improve the antenna gain and 

partially shield the object on the other side. More interestingly, 

the presence of the reflector significantly broadens the 3-dB AR 

bandwidth of the antenna. This is evident in Fig. 2, which 

shows a comparison of |S11| and AR values for the crossed 

bowtie dipole in different configurations. 

This can be better understood by giving an explanation of the 

CP mechanism. The CP is achieved by using the approach 

reported in [8]; two dipoles with different lengths are chosen 

appropriately such that the real parts of their input admittances 

are equal and the phase angles of their input admittances differ 

by 90º. Accordingly, these conditions are obtained in the pro-

posed antenna by using the vacant-quarter printed rings that 

made the dipoles slightly different lengths. Therefore, the an-

tenna produces two resonances that perform a 90º phase differ-

rence around desired frequency. The free space case clearly has 

two resonances at 0.9 and 1.35 GHz in the |S11| profile and one 

overlapping point of the two resonances with a 90º phase di-

fference is evidence at 1.46 GHz (CP center frequency). For the 

PEC case, based on the CP explained above, four resonances 

are apparent in the |S11| profile and two CP center frequencies 

occur at 1.23 and 1.57 GHz. 

Due to the presence of the planar metallic reflector, the ra-

diated wave includes the direct wave from the radiator and the 

reflected wave from the ground plane, as shown in Fig. 3(a). 



TRAN et al.: SINGLE-FEED, WIDEBAND, CIRCULARLY POLARIZED, CROSSED BOWTIE DIPOLE ANTENNA FOR GLOBAL NAVIGATION … 

301 

 

 
(a) 

 

1.0 1.2 1.4 1.6 1.8
0

3

6

9

A
xi

al
 r

at
io

 (
dB

)

Frequency (GHz)

PEC
Free space

 
(b) 

Fig. 2. Simulated (a) |S11| and (b) axial ratio values of the antenna in 

different configurations. PEC = perfect electric conductor. 
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Fig. 3. Radiation mechanism of the proposed antenna: (a) radiated 

waves and (b) an orthogonal slot antenna. 

The direct wave radiates from the radiator directly and the con-

ditions for the CP radiation were obtained by double vacant-

quarter printed rings [9]. The reflected wave incorporated with 

the chosen slots between the adjacent bowtie arms (Fig. 3(b)) 

generates the additional resonances and the additional CP ra-

diation for the antenna system. These phenomena can be fa-

vorably used to improve the antenna performance, as demon-

strated in Fig. 2. The phasing feed for the CP radiation of the 

slot antenna was obtained by an appropriate combination of the 

slot shape and the printed rings. The proposed antenna is the-

refore a suitable combination of a crossed dipole and an or-

thogonal slot antenna. The antenna worked as a crossed dipole 

in the low frequency region, whereas it behaved as a slot an-

tenna in the high frequency region. Accordingly, the lower CP 

center frequency (1.23 GHz) was generated by the crossed 

dipole, whereas the higher one (1.57 GHz) was generated by 

the slot antenna. This is confirmed by the effects of the slot 

shapes on the antenna performances, as shown in Figs. 4 and 5. 

Fig. 4 shows the simulated |S11| and AR values of the antenna 

for different angles of the bowtie dipole arm, α. With increasing 

α, which equivalently narrows the slot aperture, the impedance 

matching bandwidth and the lower CP center frequency sh-

owed little change, whereas the higher CP center frequency was  
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Fig. 4. (a) |S11| and (b) axial ratio values of the proposed antenna for 

different α. 
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Fig. 5. (a) |S11| and (b) axial ratio values of the proposed antenna for 

different L. 
 

considerably influenced. As shown in Fig. 5, as the bowtie 

length L increased from 42.4 to 46.4 mm in increments of 2 

mm, the higher CP center frequency decreased significantly. 

The reason for this is likely due to an association between de-

creasing L associated and a smaller slot length; thus, the higher 

CP center frequency shifts upward. 

As previously noted, the CP radiation was decided by the 

printed rings at both operation modes, the crossed dipole and 

the cross slot aperture antenna. This is demonstrated in Fig. 6, 

which shows simulated |S11| and AR values for the proposed 

antenna for different radii (R) of the ring. Increases in R 

resulted in significant degradation of the impedance matching 

in the high frequency region (Fig. 6(a)), while the CP radiation 

improved in terms of minimum AR values, but the AR 

bandwidth narrowed (Fig. 6(b)). A value of R = 7.4 mm gave 

optimal results in terms of good impedance matching and good 

CP radiation. 
 

IV. MEASUREMENTS 

The proposed antenna was fabricated and measured. The 

crossed bowtie dipoles were built on both sides of a Rogers RO-

4003 substrate with a copper thickness of 17 μm using standard  
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Fig. 6. (a) |S11| and (b) axial ratio values of the proposed antenna for 

different radii of the ring, R. 
 

 
 

Fig. 7. The fabricated antenna. 
 

wet-etching technology. The reflector was a square 0.5-mm 

thick copper plate. An SMA connector was used at the input 

port to feed the radiator. An Agilent N5230A network analyzer 

and a 3.5-mm coaxial calibration standard GCS35M were used 

for the input impedance measurement of the prototype, as 

shown in Fig. 7. Another Agilent E8362B network analyzer and 

a full anechoic chamber with the dimensions 15.2 m (W)×7.9 

m (L)×7.9 m (H) were used to measure the radiation patterns. 
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Fig. 8. Comparison of simulated and measured |S11| values of the 

antenna. 
 

 
 

Fig. 9. Comparison of simulated and measured axial ratio values of the 

antenna. 
 

Fig. 8 presents a comparison of the measured and simulated 

reflection coefficients for the proposed antenna. The measured 

impedance bandwidth for |S11| < -10 dB was 51.8% (1.05-1.79 

GHz) whereas the simulated bandwidth was 52.1% (1.03-1.75 

GHz). Fig. 9 shows the simulated and measured AR of the 

antenna. The measured 3-dB AR bandwidth was 37.7% (1.12-

1.64 GHz) and had a discrepancy of 0.3% with the simulated 3-

dB AR bandwidth of 37.4% (1.13-1.65 GHz). Both impedan-

ce and 3-dB AR bandwidths of the proposed antenna com-

pletely wrap the GNSS spectra (1.146-1.616 GHz). 

The radiation patterns of the antenna at the center fre-

quencies of the L5 (1.17 GHz), L2 (1.23 GHz), and L1 (1.57 

GHz) bands in the two principle planes (φ = 0° and φ = 90°) 

are plotted in Fig. 10. The measurements agree well with the 

HFSS simulations and the proposed antenna shows RHCP. At 

1.17 GHz, the measurements yielded a gain of 6.9 dBic, a 

front-to-back ratio of 12.6 dB, and half-power beamwidths 

(HPBWs) of 91° and 85° in the x-z and y-z planes, respectively. 

At 1.23 GHz, the measurements yielded a gain of 6.6 dBic, a 

front-to-back ratio of 12.5 dB, and HPBWs of 92° and 86° in 

the x-z and y-z planes, respectively. At 1.57 GHz, the mea-

surements yielded a gain of 6.02 dBic, a front-to-back ratio of  

    
(a) 

 

    
(b) 

 

    
(c) 

Fig. 10. Radiation patterns of the antenna: (a) 1.17 GHz, (b) 1.23 GHz, 

and (c) 1.57 GHz. 
 

 
 

Fig. 11. Broadside gain as a function of the frequency. 

 

12 dB, and HPBWs of 91° and 73° in the x-z and y-z planes, 

respectively. The antenna had a small gain variation within the 

3-dB AR bandwidth. This is apparent in Fig. 11, which shows 

the broadside gain as a function of the frequency. The simulated 

gain ranged from 6.8 to 7.4 dBic within the 3-dB AR band-

width, whereas the measured value ranged from 6.2 to 7.3 dBic. 

Additionally, the antenna showed a measured radiation effi-

ciency of >93% in comparison to the simulated value of >98% 

within the operating bandwidth. 
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V. CONCLUSION 

A single-feed CP antenna with wideband characteristics was 

presented. The antenna, with an overall 1.2-GHz frequency size 

of 0.48 λo×0.48 λo×0.25 λo, yielded a measured impedance 

bandwidth of 52.1% (1.05-1.179 GHz) for |S11| < -10 dB and 

a measured 3-dB AR bandwidth of 37.7% (1.12-1.64 GHz). 

The proposed antenna also yielded stable radiation patterns, 

RHCP, small gain variation, and high radiation efficiency acro-

ss the operating bandwidth. These outstanding features make 

the proposed antenna a good candidate for GNSS applications, 

as well as for many other kinds of wideband wireless commu-

nications. 

 

This work was supported by Information and Communi-

cation Technology (ICT) R&D Program of MSIP/IITP (No. 

14-911-01-001). 

 

REFERENCES 

[1] J. J. Wang, "Antennas for global navigation satellite system 

(GNSS)," Proceedings of the IEEE, vol. 100, no. 7, pp. 2349 

-2355, Jul. 2012. 

[2] Z. Wang, S. Fang, S. Fu, and S. Lu, "Dual-band probe-fed 

stacked patch antenna for GNSS applications," IEEE An-

tennas Wireless Propagation Letters, vol. 8, pp. 100-103, 2009. 

[3] Y. Q. Zhang, X. Li, L. Yang, and S. X. Gong, "Dual-band 

circularly polarized annular-ring microstrip antenna for GN-

SS applications," IEEE Antennas Wireless Propagation Letters, 

vol. 12, pp. 615-618, 2013. 

[4] H. Liu, S. Fang, and Z. Wang, "A novel multimode re-

duced-surface-wave antenna for GNSS applications,"IEEE 

Antennas Wireless Propagation Letters, vol. 12, pp. 1618-

1621, 2013. 

[5] D. Li, P. Guo, Q. Dai, and Y. Fu, "Broadband capacitively 

coupled stacked patch antenna for GNSS applications," 

IEEE Antennas Wireless Propagation Letters, vol. 11, pp. 

701-704, 2012. 

[6] Q. Liu, Y. Liu, Y. Wu, M. Su, and J. Shen, "Compact  

 
 

Huy Hung Tran 
received the B.S. degree in electronics and telecom-

munications from Hanoi University of Science and 

Technology, Hanoi, Vietnam in 2013. He is currently 

studying a M.S. course in the Department of Elec-

trical and Computer Engineering, Ajou University, 

Suwon, Korea. His research is focused on wideband 

circularly polarized, and metamaterial for next gene-

ration wireless communication systems.  

 

wideband circularly polarized patch antenna for GNSS app-

lications," IEEE Antennas Wireless Propagation Letters, vol. 

12, pp. 1280-1283, 2013. 

[7] W. S. Lee, K. S. Oh, and J. W. Yu, "A wideband circularly 

polarized pinwheel-shaped planar monopole antenna for 

wireless applications," Journal of Electromagnetic Engineering 

and Science, vol. 12, no. 2, pp. 155-160, Jun. 2012. 

[8] M. F. Bolster, "A new type of circular polarizer using 

crossed dipoles," IRE Transactions on Microwave Theory and 

Techniques, vol. 9, no. 5, pp. 385-388, 1961. 

[9] S. X. Ta, J. J. Han, and I. Park, "Compact circularly 

polarized composite cavity-backed crossed dipole for GPS 

applications," Journal of Electromagnetic Engineering and  

Science, vol. 13, no. 1, 44-50, Mar. 2013. 

[10] S. X. Ta, I. Park, and R. W. Ziolkowski, "Dual-band 

wide-beam crossed asymmetric dipole antenna for GPS 

application," Electronic Letters, vol. 48, no. 25, pp. 1580-

1581, Dec. 2012. 

[11] S. X. Ta, J. Han, I. Park, and R. W. Ziolkowski, "Wide-

beam circularly polarized crossed scythe-shaped dipoles for 

global navigation satellite systems," Journal of Electromag-

netic Engineering and Science, vol. 13, no. 4, pp. 224-232, 

Dec. 2013. 

[12] S. X. Ta, H. Choo, I. Park, and R. W. Ziolkowski, 

"Multi-band, wide-beam, circularly polarized, crossed, asy-

mmetrically barbed dipole antennas for GPS applications," 

IEEE Transactions on Antennas Propagation, vol. 61, no. 11, 

pp. 5771-5775, Nov. 2013. 

[13] J. W. Baik, T. H. Lee, S. Pyo, S. M. Han, J. Jeong, and Y. 

S. Kim, "Broadband circularly crossed dipole with parasitic 

loop resonators and its array," IEEE Transactions on Ante-

nnas Propagation, vol. 59, no. 1, pp. 80-88, Jan. 2011. 

[14] Y. He, W. He, and H. Wong, "A wideband circularly 

polarized crossed-dipole antenna,"IEEE Antennas Wireless 

Propagation Letters, vol. 13, pp. 67-70, 2014. 

[15] M. Li and K. M. Luk, "A wideband circularly polarized 

antenna for microwave and millimeter-wave applications," 

IEEE Transactions on Antennas Propagation, vol. 62, no. 4, 

pp. 1872-1879, Apr. 2014. 

 
 
 

 

Son Xuat Ta 
received the B.S. degree in electronics and telecom-

munications from Hanoi University of Science and 

Technology, Hanoi, Vietnam in 2008. He is currently 

studying a Ph.D course in the Department of Elec-

trical and Computer Engineering, Ajou University, 

Suwon, Korea. His research is focused on widebands, 

multiband, circularly polarized, and metamaterial-ba-

ed antennas for next generation wireless commu-

nication systems. 



TRAN et al.: SINGLE-FEED, WIDEBAND, CIRCULARLY POLARIZED, CROSSED BOWTIE DIPOLE ANTENNA FOR GLOBAL NAVIGATION … 

305 

 

Ikmo Park 
received the B.S. degree in Electrical Engineering 

from the State University of New York at Stony Brok, 

and M.S. and Ph.D. degrees in Electrical Engineering 

from the University of Illinois at Urbana-Champaign. 

He joined the Department of Electrical and Comuter 

Engineering at Ajou University in March, 1996. Prior 

to joining Ajou University, he has been working with 

the Device & Materials Laboratory of LG Corporate 

Institute of  Technology, Seoul, Korea, where he had been engaged in reearch 

and development of various antennas for personal communication systems, 

wireless local area networks, and direct broadcasting systems. He was a 

Visiting Professor with the Department of Electrical and Computer En-

ineering, POSTECH, Pohang, Korea, from March 2004 to February 2005, 

and the Department of Electrical and Computer Engineering, University of 

Arizona, Tucson, Arizona, USA, from July 2011 to June 2012. He has au-

hored and co-authored over 200 technical journal and conference papers. He 

also holds over 30 patents. He served as a Chair of the Department of 

Electrical and Computer Engineering at Ajou University. He is currently a 

member of Board of Directors in Korea Institute of Electromagnetic Engi-

eering and Science Society and an Editor-in-Chief of the Proceedings of the 

Korea Institute of Electromagnetic Engineering and Science. His current 

research interests include the design and analysis of microwave, millimeter-

wave, terahertz wave, and nano-structured antennas. He is also a member of 

Eta Kappa Nu and Tau Beta Pi.  


