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Abstract – This paper describes the design of a dual band Rectangular 

Dielectric Resonator Antenna (RDRA) for S band applications .In this 

deisgn a slot is introduced over ground palne and the antenna is fed by a 

microstrip line.The basic TE111 mode  is excited with their resonance 

frequency .The resonance  frequency canbe controlled by adjusting RDRA 

dimensions.This antenna is suitable for dual band operation such as space 

to earth applications (2.18 to 2.23 GHz) and Direct to home satellite (2.71 to 

2.76 GHz) communication. Performance measures like return 

loss,VSWR,Gain and Directivity are showing reasonbilly good 

performance. 
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I. INTRODUCTION 

When a Dielectric Resonator (DR) is not completely enclosed by a conducting boundary, 

it can radiate .i.e. it acts as an antenna, termed as DRA. Its resonance frequency is a function of 

size, shape and permittivity. DRAs are much significance because of their small size, light 

weight and low cost. DRAs offer high radiation efficiency, flexible feed, compactness and 

geometry [1]-[4].Further, different feeding  methods can be used to excite DRAs, such as, co-

axial probe [5], micro strip feed line [6],an aperture coupled source [7] and a coplanar wave 

guide(CPW) [8].The inherent advantage of DRA is that they can  achieve wide band  width and 

high radiation efficiency. DRAs can be designed in different shapes like cylindrical, 

hemispherical, elliptical, pyramidal, rectangular and triangular. Rectangular shape DRAs  have 

much significant over other shapes due to its design flexibility[9].In the last decade different DR 

structures [10]-[17],such as embedded DR, Tetra Hadrian, L shaped ,T shaped, Stair shaped, 

trapezoidal shaped are developed for band width enhancement.  

II. LITERATURE SURVEY  

Ravi Kumar Gangwar et al [18] have designed a RDRA  in C band using co-axial probe 

and micro strip line feed with the aid of finite  integration method (FIM)  (CST micro wave 

studio) and Finite element method (FEM) (Ansoft HFSS). In probe feed method maximum 

coupling and wide band width is achieved on error and trial method varying probe length and 

probe position from the antenna. In micro strip line feed maximum coupling and wide band 

width is achieved when RDRA is placed at a 
ߣ
2
 distance from  the open end and strip length 
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∆𝐿 = 4.1݉݉.FEM is showing more accurate result over (FIM) interims of directivity, gain, 

radiation efficiency, total efficiency,3 dB beam width  and cross polarization. 

 Mohsen Khalily et al [19] have designed a P shaped DRA for wide band wireless 

applications. This antenna covers wireless systems like WLAN and Wimax (C band 5.2, 5.5 and 

5.8 GHz).In this work they are carried a parametric study( using CST micro wave studio) to 

improve return loss, which is useful to realize an antenna .In this work they have introduced a 

hole in different shapes in DR to reduce effective permittivity of the whole DR volume, which 

consequently reduce  radiation Q factor of DR and thus increase impedance bandwidth. Highest 

band width (6.8 to 13 GHz .i.e. 62 %)  is obtained when trapezoidal shaped hole is introduced. 

 Ravi Kumar Gangwar et al [20] have designed segment rectangular dielectric resonant 

antenna (DSRDRA) in free space and in presence of bio medium. The simulation results such as 

return loss, VSWR, band width of DSRDRA (free space) are compared with when DSRDRA is 

in direct contact with homogeneous bio medium(muscle layer).It is observed from simulation 

results that  the SAR value increases with increase in  frequency and when antenna is getting 

closed  to bio medium .Penetration depth and transverse  plane resolution in bio medium is 

increasing with reduction in frequency  . 

 H Roggad et al [21] have designed a dual band DRA fed by a micro strip line. In this 

design both fundamental 𝑇𝐸111  and higher order 𝑇𝐸113 propagation modes are excited. The 

resonant frequency of 𝑇𝐸111 and 𝑇𝐸113  modes are adjusted by varying the dimensions of the 

DRA. This antenna is suitable  for digital communication system (1710 - 1880 MHz) and WLAN 

( 2400- 2484 MHz) applications. This antenna has shown  good directional radiation pattern for 

both the resonating frequencies. This design is a good choice for  new communication system 

requirements. 

III. DRA DESIGN  

The basic dimensions of DRA can be obtained in two different modes like Dielectric 

Wave guide Model (DWM)[18] and Magnetic Wall Wave guide mode (MWM)[19].Assuming 

MWM at the surface of the resonator, the following equations are obtained for  wave numbers 

and for resonance frequency for dominant mode (TE to Z mode) 

ݎ݂ =
1

2 𝜖ߤ   �݉�  2

+  ܹ݊  2

+  �݄� 2

                        (1) 

where ݉ = ݊ = 𝑝 = 1 and  𝜖 = permittivity of  the material in transverse plane (X-Z) ߤ = permeability of  the material 𝐿, ܹ, ݄ = Length, Width and Height of the resonator . 

Dimensions of Dielectric resonator  can be obtained  from the following equations 
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𝑘0 =
2𝜋 ܿݎ݂                                                            (2) 𝑘0 = Wave number in free space ܿ = 3 × 2ݔVelocity of light 𝑘 = ݏ/108݉ + 𝑘2ݕ + 𝑘2ݖ = 𝜀ݎ𝑘0

2                                         (3) 𝑘ݔ =
݉𝜋𝐿 , 𝑘ݕ =

݊�ܹ�
 𝑎݊݀ 𝑘ݖ =

𝑝𝜋
2݄   𝑘ݔ , 𝑘ݕ , 𝑘ݖ = Wave numbers along x, y and z  directions of resonator. 

dielectric resonator must satisfy the condition  𝑘ݖ tan  𝑘݄ݖ
2

 =   𝜀ݎ − 1 𝑘0
2 − 𝑘(4)                     2ݖ 

when 
ܹ݄

< 1 

𝜀݁ =
𝜀1+ݎ

2
+

𝜀1−ݎ

2
  1 + 12  ݄ܹ   −1/2

+ 0.04  1 −  ܹ݄ 2           (5) 

when 
ܹ݄ ≥ 1 

𝜀݁ =
𝜀1+ݎ

2
+

𝜀1−ݎ

2
  1 + 12 ݄ܹ   −1/2

                 (6) 

slot dimensions 𝐿ݏ  =
𝜀݁ ݎߣ0.4                                                             (7) 

𝜀݁ =
𝜀ݎ+𝜀ݏ

2
                                                            (8) 𝜀ݎ , 𝜀ݏ = Dielectric constant of RDR and substrate 

ݏܹ = 0.2 𝐿(9)                                                         ݏ 

stub length 𝐿 =
ߣ
4݃

݃ߣ (10)                                                        = Guided wave length in substrate 

Micro strip line length and width is given by ݂ܺ =
𝐿

2 𝜀݁   𝑎݊݀  ܻ݂ = ݏܹ
2

                                              (11) 
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IV. ANTENNA CONFIGURATION  

 

Figure 1 shows the structure of slot coupled RDRA fed by a micro strip line. The 

thickness and permittivity of FR4 substrate is 0.8mm( 0 to -0.8 mm)  and 4.4.The micro strip line 

with a thickness 0.4 mm ( -0.8 to -0.4mm) is placed at the bottom of substrate .The ground plane 

with a thickness 0.4mm (0 to 0.4mm) is placed on the top surface of substrate. A slot is 

introduced on the ground with a thickness of 0.4 mm. The micro strip line is extended beyond 

the slot center to maximize the coupling and  to serve as a matching circuit. The Dielectric 

resonator with a permittivity of 30 is placed on slot as shown in figure 1(A).Various parameters 

such as resonator permittivity, slot dimensions and micro strip length show their impact on DRA 

characteristics. After conducting a series of simulation experiments on error and run basis it is 

observed that the resonance frequency decrease  as permittivity increases and as slot length 

decreases the return loss is gradually increasing in second resonant frequency. Further we have 

studied the effect of strip length on input matching of the resonant modes. The optimized length 

chosen for this design is 5 mm(beyond slot)  

 
Fig. 1 Geometry of DRA (A) top view of RDRA (B) bottom view of RDRA (C) Side view of 

RDRA (D) DRAs in different shapes 

TABLE 1: DESIGN PARAMETERS OF RDRA 

 

 

 

 

 

Parameter Dimension 

substrate 70×70×0.8   (0 to -0.8) (FR4 permittivity 4.4) 

Ground 70×70×0.4   ( 0 to 0.4)(copper) 

slot 2.6×26×0.4   (0 to 0.4) 

Micro strip line 2.6×28×0.4   (-0.8  to -0.4) copper 

DRA 22×16×11     (0.4 to 11mm) permittivity 30 
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V. SIMULATION RESULTS  

The designed antenna is designed and simulated in CST micro wave studio .The antenna 

is simulated  at an input impedance of 50Ω.Figure 2 shows that the return loss for both the 
resonating frequecies is less than -10 and VSWR is less than 2(figure 3) 

 

Fig. 2 Return loss Vs Frequency 

From figure 2 it is observed that the antenna is resonating at 2.2GHz and 2.73 GHz  .In S band 

the frequency ranges  2.17 to 2.2 GHz and 2.5 to 2.7 GHz is used for space to Earth 

communications and for Direct-to-Home satellite television. Then It is obvious that the 

frequency ranges  2.1849 to 2.2312 and 2.712 to 2.7621( figure 2 ) are showing good agreement 

to S band frequency ranges .Hence the same antenna can be used for two different applications in 

S band . 

 

Fig. 3 VSWR Vs Frequency 
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Fig. 4 Directivity and gain of RDRA 

 

Fig. 5 Far field directivity of the antenna 

VI. CONCLUSION 
 

A compact dual band RDRA is designed and simulated .This antenna is showing good 

performance in S band .This antenna is suitable for space to earth communications (2.1849 to 2.2312 

)and Direct-to-Home satellite television( 2.712 to 2.7621) applications. This antenna has 

achieved a desirable directional radiation pattern with a gain of 4.464 dB and directivity 6.437 

dBi. This compact antenna is a good choice for new communication system design. 
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