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Abstract— A novel technique for producing enhanced band width in micro and mm wave region of spectrum is presented. A new 

design of compact & broadband leaky wave dielectric resonator antenna is proposed using co-axially probe feed technique. Two 

different LWDRA are designed and their characteristic behaviors are compared. Finally, parametric study of Second Antenna has been 

done. With the proper design the resonant behavior of the antenna is found, over which the leaky wave DRA produces extended 

bandwidth. 
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INTRODUCTION 

 
MODERN communication systems require wide bandwidth to support the demand of high data rate transfer for various multimedia 

applications. To fulfill this requirement, most wireless mobile systems have to be operated at the millimeter wave frequencies [1]-[2]. 

For ease of space allocation, it is highly desirable to have small size, low profile equipment. Hence, the antennas for modern wireless 

communication system should be low in profile and efficient in high frequencies. 

Dielectric resonator antennas (DRA) have been the interest of research and investigation due to its highly desirable characteristics 

such as small size, light weight, highly efficient in microwave and mm wave spectrum. The most popular shape studied for practical 

antennas applications have been the cylindrical dielectric resonator antennas, rectangular dielectric resonator antennas, spherical 

dielectric resonator antennas and many more different structure are reported. The stacked DRA has also been tested [3]-[7] with a 

resulting increase in bandwidth that is much wider than the bandwidth of the micro strip antennas. 

The dielectric resonator antennas based on NRD guides have few publications. The technique of NRD guided antenna was proposed 

by Yoneyama and Nishida [8]-[10]   . Although, it is classified as open dielectric waveguide, it has attractive feature of no radiation 

[11]-[13]. However, introducing suitable perturbation to the NRD guide structure can produce leaky waves that propagate away from 

the dielectric slab to the open ends. This mechanism makes the NRD guide working as a leaky wave antenna. 

Several techniques have been proposed to generate leaky waves from NRD guide, such as foreshortened sides of parallel metal 

plate’s technique, Asymmetric air gape technique,Trapezoidal dielectric slab technique and many more. 

A leaky wave rectangular dielectric resonator antenna (LWRDRA) has been designed. LWRDRA is excited by coaxial probe feed 

mechanism. The LWDRA is parametrically studied and different approaches are presented to achieve an extended bandwidth 

nearly20% at -10dB. The study also shows the dual resonance behavior LWRDRA at frequency value of 22.14GHz and 24.97GHz. 

The dependence of (BW) band width on the various parameters and the geometries of the system show that higher (BW) band width 

with desired radiation characteristics can be achieved with such dielectric resonator antenna based on NRD guides. Therefore, it is 

necessary to extend extensive research and study on this topic, because it can provide an alternative device to achieve wider (BW) 

band width characteristics. 

ANTENNA DESIGN 

First proposed design uses a substrate of relative permittivity of 2.4 and dimension 210mmx 152mmx 0.6mm. the upper surface of 

the substrate has finite conductivity layer. this has been done to minimize the BL (back-lobe). 
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HFSSv10 simulation software.the simulation of LWRDRA has been done in three stages. at first, the first antenna was simulated 

and results were recorded. in second stage, the second antenna was simulated and the results which were obtained were compared with 

that of the first antenna. at last, the parametric variation of the project variable, l was done. the result obtained radiation phenomenon. 

the rectangular dielectric resonator of relative permittivity 8.2 is used, having dimension of 148mmx 6mmx 5.2mm. the top layer 

surface of the dielectric resonator is perturbed by embedding a strip of thickness 0.8mm and length equal to that of the dielectric 

material. the co-axial probe feed mechanism is used for the excitation of LWDRA. in fig. 1(a), the proposed antenna is presented in 3d 

view. the proposed first antenna is shown in fig. 1(b). in the second antenna design the perturbation is increased by just modifying the 

embedded dielectric material strip of first antenna design, by removing material of thickness 0.1mm from between the upper face. the 

antenna design is shown in fig. 1(c). this is termed as second antenna designed. the parametric study of the second antenna is done by 

varying the probe penetration length, l into the dielectric material of the resonator. the variation of the length is done from -0.6mm to 

5.4mm in step size of 0.6mm. the antenna designed for parametric study, showing probe length l, is shown in fig. 1(d). 

SIMULATIONS 

The designed antenna is simulated on ANSOFT was studied in detail to know the relation between probe positions, probe length and 

the height of the dielectric material. 

 
 

 

 

 

 

 

 

Figure 1(a) LWRDRA Designed & Simulated on HFSS 3D view, (b) First Antenna Designed, (c) Second Antenna Design and (d) 

Second Antenna Design, with probe pin, l set as project variable for parametric study of Antenna 

Simulation Result of First Antenna 

The S11Vs Frequency plot of first antenna is shown in Fig. 2. It can be seen that antenna is well matched at 9.89GHz having return 

loss of23.01dB. It has a bandwidth (-10dB) of 800MHz which corresponds to nearly 8.2% in the frequency range of 9.3GHz-

10.1GHz. 
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                                             Fig. 2 S11Vs Frequency Plot of First Antenna 

     

Simulation Result of Second Antenna 

The S11Vs Frequency plot of second antenna is shown in fig. 3. This graph shows that the second antenna is well matched at frequency 

of 24.25GHz and having return loss of -28.59dB. It has -10dB bandwidth of 16.54% in the frequency range of 22.34GHz-26.37GHz. 

This shows the 100% increase in the bandwidth as compared to the first antenna design 

 

 
 
 
 

 

 

 

 

 

 

 

 

    Fig. 3 S11Vs Frequency Plot of Second Antenna 

Simulation Result of Parametric Study of Second Antenna by Varying the Probe Length, l Penetration into the Dielectric Resonator of 

LWRDRA. 

As discussed in Section II, the parametric variation in the probe length, l was done by setting, l as project variable. The simulated 

results are shown in Fig. 4(a), 4(b), 4(c). During the variation of probe length, l, for l = -0.6mm to 0.6mm,  it is observed that the there 

is decrease in bandwidth as well as increase in return loss. The matching frequency gets shifted to higher value. The frequency range 

over which the bandwidth is calculated gets shifted to higher value (shown in Fig. 4(a)). For l = 1.2 and l=1.8, there is increase in 

bandwidth as well as resonant frequency. For l = 2.4mm to 3.6mm, the resonant frequency tends to decrease and bandwidth along with 

return loss starts to increase. At l = 4.2mm, we observed a dramatic decrease in the return loss to -31.60dB, the resonant frequency 
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decrease to a value of 18.63GHz at -10db, calculated bandwidth is 8.4%. At l = 4.8mm, dual resonance behavior of the antenna is 

observed. The LWRDRA resonates in the frequency range of 21.62GHz-25.03GHz. The bandwidth obtained at this frequency range is 

nearly 20%. The tabulated result of the parametric variation of probe length, l has been presented in Table I. 

Fig. 5 shows the S11 Vs Frequency plot of Second Antenna at resonant condition. It is found that as l = 4.8mm, the LWRDRA acts 

as dualresonant leaky wave antenna. The resonant frequencies of LWRDRA are 22.14GHz and 24.97GHz. Calculated bandwidth for 

the design at dual resonance is found to be 14.6% (-10dB) with overall bandwidth of the LWRDRA at -10dB bandwidth is nearly 

20%. 
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Fig. 4(a) S11Vs Frequency Plot of Second Antenna graph 

showing parametric variation of Probe length, l inside the 

LWDRA(a) l = -0.6mm, (b) l = 0mm (c) l = 0.6mm (d) = 

1.2mm 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4(b) S11Vs Frequency Plot of Second Antenna graph 

showing parametric variation of Probe length, l inside the 

LWDRA (a) l = 1.8mm, (b) l = 2.4mm (c) l = 3.0mm  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4(c) S11Vs Frequency Plot of Second Antenna graph 

showing parametric variation of Probe length, l inside the 

LWDRA (a) l = 3.6mm, (b) l = 4.2mm (c) l = 4.8mm  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 S11Vs Frequency Plot of Second Antenna at l = 4.8mm 

showing the Dual Resonance Behaviour of LWRDRA at -10dB 
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CONCLUSION 

A new, comprehensive dual resonance LWRDRA has been designed. It is found that the First Antenna which has less 

perturbation on dielectric resonator’s upper surface has bandwidth of 8.2% (-10dB) and good matching at frequency9.89GHz but as 

the perturbation is increased as seen in Second Antenna design, the bandwidth gets increased to a new value of 16.54% (-10dB) and 

good matching of the system occurs at 24.25GHz.Thus, it is found that as the perturbation of dielectric resonator of LWDRA 

increases, the bandwidth of the system along with matching frequency gets shifted to some higher value. In First Antenna perturbation 

of upper surface of dielectric resonator was half as compared to that of Second Antenna, and the numerical results obtained shows that 

values of bandwidth and the resonant frequency of LWRDRA depends upon the perturbation of the surface. Analysis suggests the 

relation of direct proportionality between perturbation of dielectric resonator surface and the bandwidth and resonant frequency of the 

LWRDRA. Further 16% increase in the bandwidth is obtained by increasing the probe penetration into the dielectric material. Results 

obtained by the parametric study of probe penetration length inside the dielectric resonator material of the antenna demonstrate that 

the dual resonance behavior of the LWRDRA is obtained when the antenna is co-axially feed and the position of excitation is at the 

3/4rth distance from the center of the resonator and the penetration length is equal to 0.8 times that of the height of the rectangular 

dielectric resonator. By applying the composite technique the extended (BW) band width can be produced. 

REFERENCES: 

[1] R. Bekkers and J. Smith, “Mobile Telecommunication Standards, Regulations and Applications”, Artech House Publications, 

Chapters 2, 1999.  

[2] P. Bedell, “Cellular /PCS Management”, Mc-Graw Hill, chap. 27, 1999. 

[3] A. G. Walsh, S. D. Young, and S. A. Long,“ An Investigation of Stacked and Embedded Cylindrical Dielectric Resonator 

Antennas,” IEEE Antennas Wireless Propag. Lett., vol. 5, pp.130-133, 2006. 

[4] R.K. Mongia and A. Ittipibon, “Theoretical and Experimental Investigation on Rectangular Di-electrical Resonator Antenna,” 

IEEE Trans. Antenna Propag., vol. 45, no. 9, pp.1348-1356, sep. 1997. 

[5] DebatoshGuha, Yahia and M. M. Antar, “New Half Hemispherical Dielectric Resonator Antenna for Broadband Monopole Typed 

Radiation. vol. 54, no. 12   pp. 3621-3627, Dec. 2006. 

http://www.ijergs.org/


International Journal of Engineering Research and General Science Volume 2, Issue 4,  June-July, 2014                                                                                   
ISSN 2091-2730 

 

70                                                                                                   www.ijergs.org  
 

[6] N. Simons, R. Siushansiana, A. Ittipiboon, and M. Cuhaci, “Design and Analysis of Multi Segment Dielectric Resonator 

Antenna,” IEEE Trans. Antenna Propag., vol. 48, pp.738-742, May 2000. 

[7] A. Abumazwed, O. Ahmed and A. R. Sebak: Broadband Half-Cylindrical DRA for FutureWLAN Applications, 3rd European 

Conference on Antennas and Propagation, EuCAP, pp. 389-392; 2009. 

[8] T. Yoneyama and S. Nishida, “Non-radiative Dielectric Wave Guide for Millimeter Wave Integrated Circuit,” IEEE Trans, 

Microwave Theory Tech. 29,pp. 1188-1192,1981. 

[9] [9] S. M. Shum and K. M. Luk, “Stacked Annular Ring Dielectric Resonator Antenna Excited byAxi-symmetric Coaxial Probe,” 

IEEE Trans. Antenna Propag., vol. 43, pp.889-892, Aug. 1995. 

[10] T.Yoneyama, “Non radiative Dielectric Waveguide, Infrared and Millimeter Waves, vol.11, K. J. Button (ed)  

[11] L. K. Hady, D. Kajfez and A. A. Kishk: Triple Mode Use of a Single Dielectric Resonator,IEEE Transactions on Antennas and 

Propagation, Vol. 57, pp. 1325-1335; May 2009. 

[12] E. M. O’Connor and S. A. Long: The History of the Development of the Dielectric ResonatorAntenna, ICEAA International 

Conference on Electromagnetics in Advanced Applications,Turin 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ijergs.org/

