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Abstract— A single-fed right-handed circularly polarized 

(RHCP) dielectric resonator antenna (DRA) with in-band 

filtering for Global Navigation Satellite Systems (GNSS) 

application is proposed. The design is implemented by placing 

rectangular DR material above feeding slots through which, two 

sets of degenerate orthogonal modes, the 𝑻𝑬𝟏𝟏𝟏  and higher 

order 𝑻𝑬𝟏𝟏𝟐  mode, are simultaneously excited to achieve 

circular polarization. The proposed antenna employed 

simplified structure and feed network to filter antenna radiation 

between 1.30 and 1.5 GHz to reject in-band interference from 

L-band satellite and terrestrial communication signals. An 

antenna prototype is fabricated and tested to validate 

performance of proposed design with a total antenna size of 

𝟏𝟎𝟑𝐱𝟖𝟕. 𝟓𝐱𝟓𝟎𝐦𝐦𝟑.  The measured -10 dB impedance and axial 

ratio bandwidth are approximately 11.03% (1.164 – 1.3 GHz) 

and 3.21% (1.559- 1.61 GHz) in lower and higher band of GNSS 

respectively. The gain is found to be of 4 dBi within passband 

with maximum value of 5.5 dBi at 1.56 GHz. 

Keywords— Axial Ratio (AR), Circular Polarization (CP), 

Dielectric Resonator Antenna (DRA), Global Navigation Satellite 

Systems (GNSS). 

I. INTRODUCTION 

The advancement in satellite-based services is opening 

new horizons of research in navigational and positioning 

systems [1], [2]. The increase in usage of Global Navigation 

Satellite Systems (GNSS) alongside Global Positioning 

Systems (GPS) enables location-based services to work with 

added accuracy [3], [4]. The GNSS constellations constitute 

regional i.e. (QZSS and IRNSS) or global i.e. (GLONASS, 

Beidou, Galileo) systems that operate in a specific region or 

worldwide respectively [5], [6]. Moreover, all GNSS signals 

exhibit right-hand circular polarization (RHCP) in lower 

(1.164 – 1.3 GHz) and upper (1.559 – 1.61 GHz) bands 

respectively. 

The dielectric resonator (DR) has been used in various 

circularly polarized antenna design applications over the 

years. The DRA is advantageous in terms of size, cost, and 

ease of excitation, etc.  It also has an advantage over 

microstrip antenna because of an inherent absence of 

conductor loss and wider bandwidth functionality [7], [8]. To 

achieve circular polarization, degenerate orthogonal modes 

are excited using slots and multi-feeding techniques [9]. A 

multi-feed network generates better performance and 3 dB 

axial ratio bandwidth (ARBW), however, it requires complex 

power dividers that increase the overall size of the design. On 

the other hand, in a single feed design, the geometry of the 

antenna is responsible for generating circular polarization 

[10], [11]. However, it provides narrow 3 dB ARBW and 

requires techniques to broaden the bandwidth in the desired 

band of operation [12], [13]. The reason for wider impedance 

bandwidth is the low-quality factor which is caused due to 

sudden change in permittivity of material and air [14].  

 Terrestrial communication signals along with satellites 

operating in L-band can interfere with GNSS signals by 

giving in-band interference that needs to be suppressed by the 

GNSS system. The resonant antenna can provide substantial 

attenuation to far out-of-band signals [15]. Usually, most of 

the antennas available do not provide out of band suppression 

and complete GNSS band from 1.16GHz to 1.61 GHz is 

available rather than two distinguished dual band. To reject 

the out-of-band signals, decoupling network is embedded as 

in [16], however, so far it is achieved using four feeds in 

DRAs. The bandpass and band-stop filters are incorporated 

to reduce out-of-band signals and to prevent interference with 

the GNSS receiver [17]. 

This paper presents a DR-based antenna covering the 

GNSS band with inherent in-band filtering. The rectangular 

DR is excited by a single feed to generate right hand circular 

polarization with fundamental 𝑇𝐸111  and the higher order 

𝑇𝐸112 mode in the GNSS band. The performance of antenna 

was simulated on CST Microwave Studio and was fabricated 

for validation.  In section 2, antenna design methodology 

steps along with antenna configuration is explained. The 

section 3 includes the results and discussion of fabricated 

design and section 4 includes the conclusion.  

II. ANTENNA CONFIGURATION 

All The geometric configuration of CP DRA is shown in 

Fig. 1. The proposed structure includes dielectric substrate 

RT5880 (𝜀𝑟=2.2, tanδ =0.0002) which acts as a feeding layer 

having slots on the upper layer to generate circular 

polarization. The dimension of the substrate is 

103x87.5mm2  with a height of 1.57mm. The rectangular 

DR, which is made up of dielectric material TMM10i 

(𝜀𝑟=9.6, tanδ =0.0002) has dimensions of (32.2 x 62 x 48.5) 

𝑚𝑚3. DR is placed just above the slots of the feeding layer. 

A shorting via is placed at the end of the feeding layer that 



connects the feedline with the ground layer to achieve better 

impedance bandwidth and ARBW. The resonance frequency 

of design is calculated using dielectric waveguide modal 

(DWM) which is defined by the following equations: 

𝑘𝑧𝑡𝑎𝑛 (
𝑘𝑧𝑑

2
) = √(𝜀𝑟 − 1)𝑘0

2 − 𝑘𝑧
2                     (1) 

Where 

𝑘0 = 2𝜋𝑓0 𝑑⁄ , 𝑘𝑥 = 𝑚𝜋 𝑎⁄ , 𝑘𝑦 = 𝑛𝜋 𝑏⁄   

and 

𝑘𝑥
2 + 𝑘𝑦

2 + 𝑘𝑧
2 = 𝜀𝑟𝑘0

2.                      (2) 

To solve resonance frequency of DRA, 𝑘0 , 𝑘𝑥  and 𝑘𝑦 

are first substituted in (1), and this transcendental equation is 

solved for 𝑘𝑧. The resonance frequency can be obtained by 

solving 𝑘0  of equation (2). 𝑘𝑥 , 𝑘𝑦, 𝑘𝑧  are propagation 

constant in x, y, and z direction. 

The simulations were performed to get optimized 

parameters (shown in Table 1) with an overall antenna 

dimension of 103 x 87.5 x 50 𝑚𝑚3 as shown in Fig. 1. The 

feed network is at the bottom of the substrate with stubs 

incorporated (see Fig. 2) to match S11 at required bands. Since 

there is only one feed in the design, so orthogonal modes are 

generated by the structure itself which contributes to the 

generation of circular polarization. The slots generate the 

orthogonal electric field modes for circular polarization. To 

achieve 90° phase shift for the two orthogonal electric fields, 

slots length is adjusted, and the surface current is analyzed. 

The stubs are added in transmission lines for fine-tuning and 

are used to improve the IBW and ARBW by carefully 

adjusting its position and dimensions. 

Table 1: Parameters of proposed antenna  

Label Size (mm) Label Size (mm) 

a 32.2 l5 15 

b 62 l6 8.8 

c 48.5 lr 16 

lg 103 lm 61.22 

lg1 87.5 st 14.87 

l1 13.96 stbl 36.31 

l2 22.41 stbl1 15 

l3 9.49 stbw1 8.62 

l4 11.9 stbl2 55.72 

 

 

Fig. 1. (a) Perspective view of DRA; (b) Fabricated DRA.

Fig. 2. (a) Top view of slots; (b) Bottom view of feed network. 

III. RESULTS AND DISCUSSION 

The Circular Polarization (CP) is produced when 

orthogonal components of E-field are generated with the 

same magnitude with a phase difference of 90°. In this design, 

these modes are generated using a single feed with a whole 

structure along with DR being responsible for its generation. 

Microstrip feedline is extended above the ground plane to 

slots using VIA to enhance ARBW. To improve IBW and 

ARBW, two stubs are added along the feedline whose 

dimension and position are adjusted. The feed network along 

with slots operates in two ways. Firstly, it matches and 

transforms impedance to 50 Ω between the feedline and 

desired frequency range of GNSS. Secondly, it supports 

orthogonal radiating currents of similar magnitude with a 

phase difference of 90° in anticlockwise direction to generate 

CP. 

 
Fig. 3. Surface Current Distribution at 1.23 GHz. 

The Fig. 3 shows the current distribution of the proposed 

antenna at 1.23 GHz which is in the lower bands of GNSS 

frequencies. Surface current exhibits an anticlockwise sense 

of rotation in +z direction. Four slot lengths above which DR 

is placed are mainly responsible for generating circular 

polarization as described in surface current distribution from 

0°to 270°. 

In Fig. 4, x-z plane (phi=0°) and y-z plane (phi=90°) of 

electric field is shown. The modes observed at 1.23 GHz is 

identified as 𝑇𝐸111
𝑌  and 𝑇𝐸111

𝑥  and are responsible for 

generation of CP. Similarly, the modes observed at 1.57 GHz 

is identified as 𝑇𝐸112
𝑌  and 𝑇𝐸112

𝑥 .   

 
Fig. 4. Fundamental mode 𝑇𝐸111 and higher order mode 𝑇𝐸112 at 1.23 GHz 

and 1.57 GHz respectively. 



The simulated and measured radiation pattern of x-z and 

y-z plane at 1.23 GHz and 1.57 GHz are shown in Fig. 5. 

 
Fig. 5. Simulated and measured radiation pattern of x-z and y-z plane at 1.23 

GHz and 1.57 GHz. 

The reflection coefficient ( 𝑆11 ) and axial ratio of 

simulated and measured DRA are shown in Fig. 6 and Fig. 7, 

respectively. There is a slight shift in measured values of  𝑆11 

and axial ratio, which is due to the airgaps during stacking of 

DR pieces. In this context, the post processing was 

performed, and airgaps were identified to be the reason for 

slight shift in results. 

 

 
Fig. 6. Reflection coefficient of simulated, measured and post processing 

results. 

 
Fig. 7. Axial Ratio of simulated, measured and post processing results. 

A comprehensive comparison between the proposed CP 

DRA and designs presented in earlier works [16-26] is 

conducted, as summarized in Table 2. The comparison shows 

that proposed design uses simplified single feed network and 

dual band characteristic as compared to other DRA designs 

[16], [20] & [22]. The two designs [18] & [23] uses single 

feed with small dimension size in +z direction, however, the 

filtering between 1.3- 1.5 GHz is not on antenna side. In 

comparison to designs mentioned in Table 2, the proposed 

antenna dimension is larger, however, it provides filtering 

with simplified structure. 

 

Table 2: Comparison of GNSS antennas proposed in 

literature 

Ref. Size (mm3) Freq (GHz) Feed/ 

Layers 

[18] 106 x106 x 15 1.1-1.75 1 / 2 

[19] 90 x 90 x 40 1.278-1.608 4 / 2 

[20] 100 x 100 x 25 1.37-1.45 & 2.01-

2.05 

4 / 2 

[21] 300 x 300 x 80 1.0-1.615 4 / 2 

[22] 75 x 75 x 52 1.07-1.6 1 / 2 

[23] 90 x 90 x 25 1.1-1.62 4 / 2 

[24] 180 x 180 x 130 1.17-1.28 & 1.55- 

1.62 

14 / 2 

[16] 90 x 90 x 25 1.165- 1.295 & 1.56–

1.6 

4 / 2 

[25] 160 x 160 x 24 1.08 -1.82 1 / 2 

[26] 90 x 90 x 27 1.15-1.62 4 / 2 

This 

work 

103 x 87.5 x 50 1.15-1.32 & 1.53-

1.62 

1 / 2 

 

IV. CONCLUSION 

A single feed slot-based DRA is presented covering 

GNSS frequencies lower (1.164 – 1.3 GHz) and upper (1.559 

– 1.61 GHz). The antenna exhibits RHCP with at least 15 dB 

difference between cross-polarization in GNSS band with the 

functionality of suppression of out of band radiation signal 

from 1.3 to 1.5 GHz. The antenna resonates in the lower and 

upper band of GNSS which is attributed to the inclusion of 

slots and simple feed. The performance of the antenna was 

simulated in CST MW studio in frequency domain solver and 

validated through fabrication prototype. The maximum gain 

achieved is 5.5dBi at 1.56 GHz with a value not less than 4 

dBi in the entire band with an overall size of 

103x87.5x50 mm3. The measured results are further post-

processed to identify frequency shift caused by the airgaps 

between the DR layers. The antenna exhibits stable gain in 

the desired frequency bands that makes it a suitable candidate 

for GNSS-based communication systems. 
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