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Abstract: A compact rectangular dielectric resonator antenna (RDRA) with a surface-mounted short rectangle 

(SMSR) having an E- a shaped microstrip feed of wide aperture slot investigated for C-band operation in applications 

of Radar as well as wireless. The surface-mounted short rectangle improved the gain and efficiency characteristics. 

The size, material, and cost are essential considerations in designing an antenna due to advancements in C-band 

applications. The RDRA designed on a small-size substrate is 46x46x1.6 mm3 made with FR4. It is rugged and can 

withstand in all pressure conditions. The proposed design utilizes copper has high conductivity and low cost for SMSR 

enhancement of return loss up to -47 dB, additionally gain to 9.4 dB, and observed bandwidth impedance of 19.6 % in 

the wide frequency of (5.75– 7.5) GHz. Furthermore, 3dB beam width attained in E – plane 108.430 whereas in H – 

plane is 64.360. The proposed SMSR design outcomes the conventional counterparts in all salient parameters, including 

return loss, impedance bandwidth, Gain, and Radiation efficiency with small size and low cost. 

Keywords: RDRA, SMD, SMSR, High gain, Aperture slot coupling, Microstrip feed. 

 

 

1. Introduction 

The dielectric resonator antenna has a distinct 

advantage as it lacks metal parts that can cause loss. 

For ease of fabrication, compact size, lower cost, and 

minimum conductor losses, the rectangular DRA 

(RDRA) has been accepted as a good substitute for 

the conventional antenna in wireless communication, 

either radar systems or terrestrial microwave links. 

Circularly polarized wideband [1] hybrid DRA with 

characteristics obtained 3dB axial ratio and 

impedance bandwidth 43.8 % and 80.5 % and 

average gain 3.55 dB and radiation efficiency 95 %. 

The aperture coupled step walled RDRA substrate 

size is 61x61x2 mm3is suitable for automotive radars, 

GPS, and telemetry [10]. The proposed compact 

design RDRA with surface mounted rectangle 

improved gain and efficiency in C- band applications.  

1.1 Literature review 

The circularly polarized RDRA [2] operated in 

dual-band and observed impedance bandwidths 

are5.16%, 14.55 %, Gains 5.2 dBi, 5.7 dBiand 

radiation efficiencies are 93.73 %, 96.24 %. The 

antenna is used for microwave access and WLAN 

applications. Nasimuddin and Eselle [3] have 

proposed high gain RDRA integrating with SMSH, 

surface-mounted- short- horn, and increased gain to 

8.5 dBi at 5.95 GHz resonant frequency, 3.2% 

impedance bandwidth. Though SMSH improved, the 

gain impedance bandwidth is low. A low profile 

wideband [4]. DRAOmni-directional patterns were 

observed in the wide band frequency (4.78 to 12.32) 

GHz and gain range (2.08 to 3.52) dBi. Furthermore, 

based on compass navigation satellite applications, 

two cross-slot frequency bands of the circularly 

polarized Antenna [5] have been proposed. In the 

case of RDRAs excited by microstrip line feed with 

a slotted ground plane [6], the average gain observed 

is 4.69 dB with radiation efficiency of 74.84 %. For 

wideband dual potential magneto-electro dipole 

aperture coupled antenna [7], its impedance 

bandwidth 11.4 % and gain 7 dBi. Moreover, RDRA 
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Table 1. Parameters of the designed antenna 1 andantenna 

2 

Name of the Parameter Parameter Value 

(mm) 

RDRA height Ht 15 

RDRA Width/length 2R 14 

Substrate thickness St 1.6 

Slot width W 6 

Slot Length L 10 

Substrate Length Sx= Sy 46 

Ground plane length Gx = Gy 46 

Microstrip feed Length Fl 29 

Side of  SMS Rectangle RL = RW 16 

The thickness of the 

SMS Rectangle 

Ws 2 

 

with uniaxial material would achieve an impedance 

bandwidth is 20.65 % and a gain of is8.4 dBi [8]. In 

[9], stacked RDRA with wide band circularly 

polarized broadside radiation characteristics 

achieved a radiation efficiency of 89.48 %, ranging 

from 2.27 to 5.80 dBi. The triple-band RDRA [11] 

excited with a novel composite feeding structure and 

an ultra-wideband [12] DRA achieved its relative 

bandwidth 90.9% and gain 6.2 dB. A new microstrip 

compact square-type antenna [13] integrated with a 

quasi-planner surface-mounted horn obtained an 

impedance Bandwidth of 2.3 % at a resonant 

frequency of 8.85 GHz. A circularly polarized dual-

band [14] DRA is coupled with simple rectangular 

aperture. Linear-circular-polarization [15] dual-

wide-band cylindrical DRA used for WiMAX 

applications. A new feeding method [16] for exciting 

higher-order resonant modes in DRA and hybrid 

resonator DRA [17] consists of a microstrip patch 

resonator coupled to a dielectric resonator. The 

rectangular dual band DRA [18], by using a U-slot 

feed, obtained a gain at 2.38 GHz is 6.05 dBi and at 

5.22 GHz is 7.72 dBi. A circularly polarized 

wideband [19] cubic DRA has a question mark-

shaped microstrip feed that gives impedance 

bandwidth 35.35% at a frequency 3.14 GHz. A new 

technique [20] was introduced to increase the bore 

sight gain of RDRA. A compact single-polarized 

[21] DRA excited by the two different feed lines. An 

RDRA [22] introduced a new excitation method to 

excite higher-order radiating modesTEy
1,2,2 and 

TEy
δ,4,2 modes used for C-band. An RDRA [23] with 

unique conformal H-shaped micro strip feed that 

gives a gain of 6.8 dB and impedance bandwidth of 

20 % used for satellite/WiMAX applications. A 

wideband circularly polarized dual-mode [24] gives 

an impedance bandwidth of 26.84 % and an 

efficiency of 87.32 %. A Compact Wideband 

Multimode [25] DRA fed with parallel standing  

 

 
(a) 

 
(b) 

Figure. 1 The Geometry view of antenna 1: (a) Isometric 

view and (b) Top view with wide aperture slot 

 

strips obtained a gain (5.5 - 9.5) dBi. The new 

researchers [26-30] improved Gain, but the antenna 

size is large. In this paper, SMSR-based RDRA is 

proposed for wireless communications. The standard 

rectangular-shaped DRA with the integration of a 

copper-made surface-mounted short rectangle on a 

low permittivity substrate. The rectangular DRA has 

a wide aperture slot in the ground excitation for an 

E-shaped microstrip line and has a resonance 

frequency of 6.2GHz. The main one is it can be 

suitable in all pressure conditions and overcomes the 

conventional counterparts in all salient antenna 

parameters. The effect of the height of RDRA on the 

salient parameters has been investigated by 

parametric analysis resulting in optimization at 15 

mm for the desired improvement. 

2. Configuration and Design of Antenna-1 

A compact RDRA with surface-mounted short 

rectangle (SMSR) DRA having an E- shaped 

microstrip feed of wide aperture slot is presented in 

this section as illustrated in two stages. In the first 

stage, the aperture slot with E- a shaped designed 

microstrip feed on the substrate developed and 

integrated with RDRA, its geometry presented in Fig. 

1.  

The Near E-field distribution of proposed 

antenna 1 is depicted in Fig. 2 by an E-shaped 

microstrip being excited. There is a phase difference  
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(a)                                     (b) 

 
                             (c)                                  (d) 

Figure. 2 E antenna 1field distribution left side view: (a) 

Phi scale for Figs. A, B, & C: = 00, (b) Phi = 900, (c) Phi 

= 1800 and (d) scale for fig a,b,& c) 

 

 
(a) 

   
                             (b)                                (c) 

Figure. 3 Antenna's surface current distribution 1: (a) 

Isometric angle (XYZ) Phi = 00, (b) Top View (XY) Phi 

= 900 and (c) Scale at 6.2 GHz 

 

900 between them. It is observed that the Modes are 

circulating in a clockwise direction. Fig. 3 gives the 

surface current distribution in antenna 1, mainly 

focusing on E- the shaped microstrip feed line and 

within the DRA, whereas the current intensity on the  

 

 
(a) 

 
(b) 

Figure.4 The Geometry of antenna 2: (a) Isometric view 

and (b) Top view with wide aperture slot 

 

ground plane is relatively weak. It is observed that a 

quasi-loop is formed, which is a magnetic dipole 

equivalent.  

3. Configuration and design of antenna 

The compact RDRA with surface-mounted short 

rectangle (SMSR) DRA has an E- shaped microstrip 

feed of wide aperture slot second stage as follows. 

The proposed SMSR integrates RDRA geometry, as 

shown in Fig. 4. The SMSR concept improves the 

Gain through which the energy fields are coupled 

into the integrated RDRA. The wide aperture slot is 

surrounded by an SMSR with a length RL= 16mm, 

RW= 16mm, and its thickness of 2mm placed above 

the substrate with a height of 0.3mm. 

At a resonance frequency of 6.2 GHz, Fig. 5 

depicts the Near E-field distribution of proposed 

antenna 2 and the E-fields within Rectangular DRA. 

There is a phase difference of 900 between them. It is 

observed that the modes are circulating in the anti-

clockwise direction in and in the clockwise direction. 

Fig. 6. shows the surface current distribution in the 

proposed antenna 2, and the current mainly focuses 

on E- the shaped microstrip feed line and SMSR. 
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                     (a)                                       (b) 

 
                        (c)                                     (d) 

Figure. 5 Antenna 2's near E-field distribution left side 

view: (a) Phi = 00, (b) Phi = 900, (c) Phi = 1800 and (d) 

scale at 6.2 

 

 
(a) 

     
                             (b)                               (c) 

Figure. 6 Antenna 2's surface current is distributed: (a) 

Isometric angle (XYZ) Phi = 00, (b) Top View (XY) Phi 

= 900 and (c) Scale at 6.2 GHz 

4. Principle of working 

The compact rectangular dielectric resonator 

antenna (RDRA) with surface-mounted short 

rectangle (SMSR) DRA substrate made by FR4 glass 

epoxy, and the ground is of the same length (Sx), and 

breadth (Sy) is 46mm, as shown in Fig 4. The 

wideband characteristics observed in RDRA, with 

the height-to-length ratio greater than 2. The 

dimensions are optimized by parametric analysis. 

The RDRAs Resonant Frequency depends on the 

dielectric material's size, RDRA shape, and dielectric 

constant. The RDA's resonant frequency is 

calculated by the following equation 

 

𝑓𝑟𝑒𝑠 =
397

2𝜋𝑅
(𝑐𝑜𝑅)                    (1) 

 

Where R= ½ width of RDRA [mm] 

 

𝑐0𝑅=

1.6 + 0.513𝑘 + 1.392𝑘2 − 0.575𝑘3 + 0.088𝑘4

∈𝑑𝑅

0.42  

(2) 

𝑘 =  
𝑅

2 ∗ Ht
 

5. Optimized RDRA with SMSR by antenna 

analysis 

5.1 Optimization of dimensions 

The compact rectangular dielectric resonator 

antenna (RDRA) consists of a rectangle dielectric 

resonator placed on the ground – plane along with a 

wide aperture slot. There are spurious radiations 

obtained as the aperture slot works as a monopole 

current element exciting the magnetic field into DRA. 

The parameters of the antenna are influenced by the 

height, length, width, and nature of the dielectric 

material of the DR. Parametric analysis is essential 

for the optimization of the dimensions. It is fractional 

to note that the observed value of return loss at 

RDRA height of 15 mm is high, and the size of the 

substrate is 46x46x1.6 mm3 at resonant frequency 6.2 

GHz by parametric analysis.   

5.2 Coupling of E-fields and surface current 

distributions 

Furthermore, near E – field distributions, surface 

current distributions. The proposed antenna 2’s near 

E – field distributions, surface current distributions, 

in Fig (5-6). RDRA with an E-shape microstrip is fed 

through a rectangular slot in antenna 1. This acts as 

a horizontal magnetic dipole that will be created by 

microstrip coupling, which will stimulate the fields 

in the DRA. In antenna 2, a surface mount short 

rectangle (SMSR) is mounted on the ground plane. 

An electromagnetic force is generated around the  
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(a)                                  (b) 

Figure. 7 The fabricated proposed of Antenna 1: (a) 3D 

view fabricated antenna 1 and (b) Antenna 1 top view 

 

 
                          (a)                                  (b) 

Figure. 8 The fabricated proposed of antenna 2: (a) Top 

view without RDRA and (b) Top view with RDRA 

 

 
(a) 

 
(b) 

Figure. 9 (a)The reflection measurement of antenna 1 

and (b) The reflection measurement of antenna 2 
 

structure via a surface-mount short rectangle 

(SMSR) that is mounted on the ground plane. As a 

result, the current can flow while being influenced by 

the field generated by the microstrip line. The higher 

current distribution at a resonance frequency will 

increase the impedance bandwidth and gain. 

5.3 Authorization of simulated results 

Fig. 7 shows the fabricated proposed antenna 1 

with the SMA connector. The proposed antenna 2 is 

fabricated in Fig. 8 with an SMA connector. The  

 

 
(a) 

 
(b) 

Figure. 10 (a) The anechoic chamber measurement of 

Antenna1 and (b) the anechoic chamber measurement of 

antenna 2 

 

Table 2. Proposed antenna without and with simulated 

and measured impedance band width 
Simulated 

& 

measured 

fr 

Ant 

1 

IMBW 

Ant 1 

fr 

Ant 

2 

IMBW 

Ant 2 

Simulated 6.13 5.71% 6.2 18.4 % 

Measured 6.14 6.19% 6.2 19.6 % 

 

antenna parameters were measured in an anechoic 

chamber, and the simulation results of the designed 

antenna 1 and antenna 2 were obtained by using 

HFSS. 

To authorize simulation results of the antenna 1 

reflection coefficient, the antenna 1 reflection 

coefficient results were measured with the help of 

Anritsu VNA MS 2037C, as shown in Fig. 9. With 

the aid of an Anritsu VNA MS2037C, the antenna 2 

reflection coefficient measurements were measured 

in order to validate the simulation results in Fig. 10. 

It can observe that the impedance bandwidth of 

antenna 1 is 6.19 % in the frequency band (5.94 GHz 

– 6.32 GHz), and antenna 2 is 19.6 % in the 

frequency band (5.75GHz – 7 GHz). The gain, 

radiation pattern, and Efficiency results were 

measured with the help of a standard waveguide horn 

antenna (1GHz- 40GHz) and horn antenna 1 and 

antenna 2 as a reference shown in Fig. 11 and Fig. 12 

using the Anritsu VNA MS2037C antenna test 

system. From Table 2, the proposed antenna 1  
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Figure. 11 Reflection coefficient versus frequency 

antenna 1 

 

 
Figure. 12 2D radiation pattern E -the plane of antenna 1 

 

Table 3. Proposed antenna parameters without & with 

SMSR 

Antenna 

Paramete

rs 

Simulated 

Without 

SMSR 

Meas

ured 

With

out 

SMS

R 

Simulat

ed 

With 

SMSR 

 

Measu

red 

With 

SMSR 

 

Return 

Loss (dB) 

20.8 19 47.5 46 

E-plane  

co-pol 

E-plane  

cross-pol 

(dB) 

109.840 

 

97.950 

 

105.4

40 

 

93.35
0 

110.830 

 

108.210 

108.430 

 

102.110 

H-plane  

co-pol 

H-plane  

cross-pol 

(dB) 

70.680 

 

45.340 

68.58
0 

 

42.24
0 

68.460 

 

44.180 

64.360 

 

43.80 

Gain (dB) 5.5 - 8.75 6 - 

8.4 

7.25 – 

9.75 

7.5 – 

9.4 

Radiation 

efficiency 

(%) 

91 88 92 90 

 

 

structure covered a single frequency band, i.e., 

simulated 5.95GHz – 6.3GHz. With a fractional 

bandwidth of 5.71 % and measured 5.94 GHz - 6.32 

GHz with fractional bandwidth of 6.19%. 

 

 
Figure. 13 2D radiation pattern H -the plane of antenna 1 

 

 
Figure. 14 The gain of antenna 1 

 

 
Figure. 15 The radiation efficiency of antenna 1 

6. Results and discussions 

The proposed compact rectangular dielectric 

resonator antenna with SMSR resonated at 6.2GHz, 

covering the applications in the C band. It can be 

used to track RADAR and wireless communications. 

Both antennas results simulated and measured are 

presented in Table 3. The measured and simulated 

results of Antenna 1's antenna parameters are 

presented in Figs. 13–15. The measured and 

simulated results of antenna 2's antenna parameters 

are presented in Figs. 18–20. In Table 4. The present 

work is compared with other researcher’s works. 
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Figure. 16 Reflection coefficient versus frequency 

 

 
Figure. 17 the E plane of Antenna 2's2D radiation 

pattern 

 

 
Figure. 18 2D radiation pattern H plane of antenna 

2 

 

 
Figure. 19 The gain of antenna 2 

 

 
Figure. 20 The radiation efficiency of antenna 2 

 

Table 4. The comparisons of the proposed SMSR 

work with previous research works 
Year 

/Ref.No 

Type of 

Antenna 

Substrate 

size 

( mm3) 

IMBW 

(%) 

3dB 

HPBW 

(E-plane 

& H-

plane 

Gain 

(dB) 

2020 

[10] 

 

Step-

walled 

RDRA 

61x61x2 

mm3 

22.80% 1490 

 

1250 

5.6 

2021 

[26] 

RDRA 76x76x1.5

2 mm3 

7.29% 710 

 

1150 

7.1 

2021 

[27] 

RDRA 5.76x5.76

x0.254 

mm3 

4.07% - 8.04 

2022 

[28] 

RDRA 50x50x0.8

13 

mm3 

5.5% 2340 

 

1400 

2.5 

2022 

[29] 

RDRA 13.2x10x0

.254 

mm3 

11.5% 780 

 

740 

7.85 

2022 

[30] 

RDRA 80x80 

mm 

10% - 6.2 

Proposed 

work 

RDRA 46x46x1.6 

mm3 

19.6% 108.430 

 

64.360 

9.4 

6.1 Antenna parameter 3dB beamwidth 

Fig. 12 shows the far-field 2D pattern is like a 

figure of eight, and simulated and measured co –

polarization 3 dB beam widths are 109.840and 

105.440, and simulated and measured cross-

polarization 3 dB beam widths are 97.950 and 93.550, 

respectively. Fig. 13 shows the 2D far-field pattern 

is Omni directional in H-plane, simulated and 

measured co –polarization 3 dB beam widths are 

70.680 and 68.580, and simulated and measured 

cross-polarization 3 dB beam widths are 45.340 and 

42.240, respectively. Fig. 17 shows a far-field 

radiation pattern simulated and measured in E-plane 

co–polarization 3 dB beam widths are 110.830 and 
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108.430, and simulated and measured cross-

polarization 3 dB beam widths are 108.210 and 

102.110, respectively. Fig. 18. shows a far-field 

pattern in H-plane co –polarization 3 dB beam width 

simulated 68.460 and the and cross-polarization 3 dB 

beam width simulated 44.180 and measured 43.100, 

respectively. Thus the proposed antenna counterpart, 

the 3dB beamwidth. 

6.2 Antenna parameter gain 

Fig. 14 shows antenna 1simulated gain is 5.65dB 

– 7.5 dB in the frequency band 6.0GHz – 6.35 GHz, 

and the measured Gain is 5.9dB – 7.85dB. Fig. 15 

shows simulated, and measured radiation 

efficiencies are 92 % and 88 % of the proposed 

antenna 1, which evidences that the proposed 

antenna is an efficient radiator. The SMSR technique 

with a designed E-shape feed is employed in this 

paper enhanced Gain. Fig. 20 shows simulated and 

measured radiation efficiencies are 92 % and 90 %, 

which evidences that the proposed antenna 2 is an 

efficient radiator. Fig. 19 shows simulated Gain is 

7.25-9.75 dB and the measured gain of 7.5-9.4 dB of 

antenna 2. The gain improved with SMSR 

technology. 

6.3 Antenna parameter impedance bandwidth 

Fig. 16 shows that proposed antenna 2 covers a 

single frequency band, simulated 5.82 GHz – 7.0 

GHz. with a fractional bandwidth of 18.4 %, and 

measured 5.75 GHz to 7.0 GHz with fractional 

bandwidth of 19.6 %. The bandwidth improved in C-

band applications. 

7. Conclusions 

The compact rectangular dielectric resonator 

antenna (RDRA) with a surface-mounted short 

rectangle (SMSR) having an E- shaped microstrip 

feed of wide aperture slot has been investigated for 

improvement of desirable. It is rugged and suitable 

for all pressure conditions due to the low permittivity 

substrate and small size. It is evident that compact 

rectangular dielectric resonator antenna (RDRA) 

with a surface-mounted short rectangle (SMSR) 

having an E- shaped microstrip feed of wide aperture 

slot, as studied in this research endeavor, are 

extensively suitable for tracking Radar in C-band. It 

has been established that SMSR integrated RDRA 

antenna 2 with substrate size 46x46x1.6 mm3, 

optimized dimensions operating in the frequency 

band 5.75 GHz – 7 GHz, C –Band enhanced Gain of 

9.4 dB. It improved return loss of -47 dB, with an 

impedance bandwidth of 19.6 %, high efficiency of 

90 %, and beam widths at 3 dB in E plane 109.430and 

H-plane 64.360. Furthermore, the antenna is best 

suitable for wireless communications due to its 

counterparts the antenna parameters.   
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