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in this paper, a compact broadband, low-profile rectangular dielectric 

resonator antenna (RDRA) is proposed using relatively low dielectric 

constant substrate material (Rogers RT/Duroid 3010 εr = 10.2) and 

developed for wireless communication applications. The rectangular DRA 

is fed with a modified stepped Microstrip feed to ensure efficient coupling 

between the RDRA and the feeder. Broadband operation is achieved by 

loading the rectangular dielectric resonator antenna with conducting 

metallic strip which results in a new resonance beside the antenna 

operating frequency. The performance of the proposed antenna has been 

significantly improved by loading the RDRA with two narrow conducting 

metallic strips of suitable lengths, which results in dual-resonance 

excitation and leads to a wider operating bandwidth (up to 23.75 %). The 

frequency characteristics and radiation performance of the proposed 

antenna are successfully optimized using numerical experimentation 

techniques. The antenna size reduction is demonstrated while maintaining 

a reasonable bandwidth. Simulations results based on a 3D full-wave 

electromagnetic simulator are presented in the paper. 

KEYWORDS: RDRA (rectangular dielectric resonator antenna), 

broadband, loading strips, stepped Microstrip.  

 

I. INTRODUCTION 

In recent years, the demand for wideband antennas for wireless mobile 

communications has led to the development of antennas that are low profile and small 

in size. In the last two decades, Microstrip antennas [1–2] and dielectric resonator 

antennas (DRAs) [3–5] have been extensively investigated as suitable antennas for 

wireless communication applications. The DRA offers attractive features such as low 

ohmic loss, low profile, small size, wide impedance bandwidth as compared to the 

Microstrip antenna. The DRA can be used at millimeter frequency bands and is 

compatible with existing excitation methods such as the coaxial probe, microstrip 

transmission line, coplanar waveguide feed or aperture coupling. DRAs are available in 

basic shapes such as rectangular, cylindrical, spherical and hemispherical geometries. 

Rectangular DRAs offer more design flexibility since two of the three of its 

dimensions can be varied independently for a fixed resonant frequency and known 

dielectric constant of the material [6]. Hence, we chose the rectangular DRAs for our 

investigations in this paper. Feeding mechanisms that are generally used for DRAs 

include using Microstrip lines [7], coaxial probes [8], coplanar waveguide feeds [9] 
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and aperture coupling [10]. Coupling techniques that have appeared in the literature 

[6–10] require the permittivity of the DRA to be high (usually greater than 10) to 

ensure efficient coupling. Even though high permittivity results in a small DRA, it also 

narrows the bandwidth. If efficient coupling for relatively low-permittivity, low profile 

DRAs can be realized, much wider bandwidth can be obtained. Furthermore, 

inexpensive widely available microwave substrates can be used to make the DRA, 

rather than commonly used DRAs using high-permittivity ceramic resonators. This is 

precisely the focus of this research. In this paper, a novel, simple, and efficient 

coupling technique of low-permittivity, low-profile DRAs, resulting in very broadband 

performance is presented. Even though in [11] an aperture coupled DRA with a 

dielectric constant of 10.8 was used; the achieved bandwidth was smaller than the 

bandwidth obtained with the antenna proposed in this paper which exceeds 21.75 %. 

Techniques published in the literature for high dielectric constant DRAs include two or 

more stacked DRAs [12], coplanar parasitic DRAs [13], and inclusion of air gaps 

inside DRAs [14]. Such techniques require additional DRA elements increasing the 

size of the overall antenna or involve a more complicated geometry than the simple 

technique presented in this paper. The bandwidth of DR antenna can also be extended 

by attaching additional parasitic elements to incur another resonance. In this paper, two 

metal strips are attached to the top of a DR to incur additional resonance close to that 

of the dielectric resonator. The inductance of the metal strip and the capacitance 

between the strip and the ground plane form an LC tank circuit which can be coupled 

to the DR resonant mode to exhibit a wider bandwidth. Also, the impedance bandwidth 

of DR antennas can be further increased by modifying their feeding structures. In [15], 

a coupling slot is proposed to excite the DR antenna. The resonant modes of slot and 

DR are coupled to increase the antenna bandwidth. In this paper a stepped microstrip 

feed is used to ensure an efficient coupling. The paper first introduces an optimized 

rectangular DRA and its EM simulations then the EM simulations of the proposed 

single and dual metallic loading strips RDRA are presented. 

 

II.  RECTANGULAR  DRA  BACKGROUND 

Usually more resonant modes are observed in a rectangular DRA compared to its 

cylindrical version over a normalized frequency range. In fact this feature can be used 

to enhance the bandwidth of the rectangular DRA if adjacent resonant modes have 

similar radiation patterns. For example, a truncated tetrahedron DRA [16] for 

wideband applications has recently been realized using this concept. Figure 1 shows 

the geometry of a stepped microstrip fed rectangular DRA. The rectangular DRA has 

dimensions W, L, H  and dielectric constant εr, whereas the feeding microstrip has 

length L1 and width W1 which ensures a 50Ω characteristic impedance. The wide strip 

in essence provides the necessary impedance matching. The feeding stepped strip is 

placed in the middle under the DRA. The proposed geometry of the low profile DRA 

fed with a stepped microstrip line through simulations using a commercial 3D full-

wave analysis software package Ansoft HFSS [20]. The DRA has a dielectric constant 

εr and dimensions of length L = 10 mm, width W = 10 mm and height H = 2.5 mm. The 

feed microstrip line has a 50 Ω characteristic impedance whereas the width and length 

of the stepped section are W2 = 3 mm and L2 = 10.5 mm, respectively as shown in Fig. 

1. The dielectric constants for both the DRA and the feed substrate are chosen to be the 



  Broadband Low Profile and Compact RDRA Loaded …  1471 

same. Actually, in the experimental verification part, the DRA was cut from the same 

substrate used for the feed line. Figure 1 shows the schematic diagram of the designed 

antenna by stepped microstrip with dimensions W = 10 mm, L = 10 mm, and H = 2.5 

mm. The substrate used for this simulation was Rogers RT/Duroid 3010 with the 

thickness of t = 1.27 mm and a dielectric constant of εr = 10.2 which is commonly used. 

The unique filler results in a low density, lightweight material for high performance 

weight sensitive applications, low moisture absorption, uniform electrical properties 

over frequency and excellent chemical resistance. 
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(b) Stepped Microstrip RDRA (Top View) 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

(c) Simulated S11 parameters for stepped microstrip RDRA and microstrip RDRA 

Figure 1: Stepped Microstrip RDRA and Simulated S11 parameters 
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structure that introduces a compact size with high bandwidth. Figure 2 contains the 

parameters results of the optimized stepped microstrip rectangular DRA. 
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(b) Antenna Poynting vector at 25 mm. 
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(c) Antenna gain  radiation pattern 

(….. E-plane, ـــــــــ H-plane) 
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(d) Antenna directivity  radiation pattern 

(….. E-plane, ـــــــــ H-plane) 

 

 (e) Antenna gain 3D polar plot 

 

 

(f) Total electric field  3D polar plot 
                                                               

Figure 2: Optimized rectangular DRA parameters results at 8.8 GHz 
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III. PARAMETRIC STUDIES ON SM RDRA 

Every geometrical parameter has different effects on the overall performances of the 

proposed antenna. We observed that the width of the metallic strip under the DRA 

affects extremely its input impedance. A narrow strip width resulted in high input 

impedance and vice versa. The wide strip provides the necessary impedance matching, 

if its dimensions width and length are optimized. The DRA has a dielectric constant εr 

= 10.2 and dimensions of length L = 10 mm, width W = 10 mm and height H = 2.5 mm. 

The feed microstrip line has a 50 Ω characteristic impedance whereas the width and in 

fact stepped section are W2 and L2.  

In the following section, the effects of parameters on the proposed antenna 

shown in Fig. 1, namely, the slot strip width W2; the slot strip length L2 and the DRA 

height will be investigated in depth using EM simulator. 
 

Strip Width Effect: 

To explore the effects of the strip slot width; the DRA antenna is considered without 

the metallic layer. Figure 3 gives the antenna gain and bandwidth for different strip slot 

width values. From this study, we found that the relative bandwidth is 18.82 % (1.6 

GHz) spanning the frequency band from 8.1 to 9.7 GHz when L2 = 10.5 mm. 

 

 

 

 

 

 
(a) strip slot width effect on antenna gain       (b) strip slot width effect on antenna bandwidth 

Figure 3: the effects of the strip slot width 
 

Strip Length Effect: 

To explore the effects of the strip slot length; the DRA antenna is considered without 

the metallic layer. Figure 4 gives the antenna parameters for different strip slot length 

values. From this study, we found that the relative bandwidth is 18.82 % spanning the 

frequency band from 8.1 to 9.7 GHz when W2 = 3 mm. 
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(a) strip length effect on antenna gain and Fr       (b) strip length effect on antenna  bandwidth 

Figure 4: The effects of the strip slot length  
 

DRA Height Effect: 

In Fig. 5, the antenna parameters are depicted as a function of the DRA height as a 

parameter. Following several optimization simulations shown in Fig. 5, we found that 

DRA height equal to 1.9685×H to enhance the bandwidth of this antenna. From this 

figure, we can see that the height of the RDRA affects the resonant frequency which 

decreases when DRA height increases .by using numerical analysis techniques to fit 

the curve with least squares straight line approximation, the following equation is 

obtained: 

 12.517 1.5×rf H   

Where fr is the resonant frequency in GHz, H is the rectangular DRA height in mm and 

R =0.99926 is the correlation factor. 

 

 

 
 

 

 

 

 

 

 

 

 
 

  
 

 

(a) DRA height effect on antenna gain, fr       (b) DRA height effect onand efficiency  bandwidth 

Figure 5: the effects of the RDRA height 
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Optimized Structure: 

According to the above analyses; it is obvious that the strip width of the microstrip 

rectangular is the most effective parameter to control the bandwidth of the proposed 

antenna as shown on Fig. 1. The optimized DRA parameters values obtained by 

simulations are: H = 2.5 mm, W2 = 3 mm, L2 = 10.5 mm. The dielectric constant value 

(εr = 10.2 for both DRA and substrate) is the same as the one used in literature [6]. 

Figure 1-c demonstrates the simulation results of the return loss of the optimized 

antenna versus frequency. The HFSS simulations’ results show that the relative 

bandwidth achieved with optimal parameters is about 18.82 % ranging from 8.1 GHz 

to 9.7 GHz. 

 

IV. PROPOSED SINGLE METALIC STRIP SM RDRA  

The proposed geometry of the low profile DRA fed with a Stepped Microstrip (MS) 

line and with metallic strip is shown in Fig. 6 through simulations using a commercial 

full-wave analysis software package. The metallic strip over the DRA affects 

significantly its gain and bandwidth. A metal strip on the DRA disturbs the shield 

current and it can change the effective inductance and capacitance of the DRA. A 

narrow stepped microstrip width resulted in a high input impedance, much higher than 

50 Ω, whereas a wide strip lowered the input impedance of the DRA; hence the 

proposed geometry. The wide strip in essence provides the necessary impedance 

matching, if its dimensions width and length are optimized. The DRA has a dielectric 

constant εr and dimensions of length L, width W and height H. The feed microstrip line 

has a 50 Ω characteristic impedance whereas the width and length of the stepped 

section are W2 and L2, respectively as shown in Fig. 6. The dielectric constants for both 

the DRA and the feed substrate are chosen to be the same. Actually, in the 

experimental verification part, the DRA was cut from the same substrate used for the 

feed line. As will be shown in Fig. 6, the proposed configuration produced an 

impedance bandwidth better than 19.6 % using numerical experimentation technique. 

A metal strip on the DRA disturbs the shield current and it can change the effective 

inductance and capacitance of the DRA. The substrate used for this simulation was 

Rogers RT/Duroid 3010 with the thickness of t = 1.27 mm and a dielectric constant of 

εr = 10.2. DRA dimensions are, W = 10 mm, L = 10 mm, H = 2.5 mm and the metal 

strip width on the DRA SW = 2 mm. 
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(a) Proposed single metal slot RDRA (Top View) 
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(b) Proposed single metal slot RDRA (Side View) 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

(c) Simulated S11 parameters 

Figure 6: Proposed single metal slot RDRA and the simulated S11 parameters 

 

After studying stepped microstrip RDRA using single metallic slot, it has been 

found that the proposed antenna introduces a compact size with high bandwidth. Figure 

7 contains the antenna parameters results. 

Figure 7 contains the parameters results of the optimized broadband single 

metallic strip rectangular DRA which produces a bandwidth up to 19.6 % (1.8 GHz) 

form (9 to 11) GHz suitable for wideband wireless communication applications at X-

band with gain improvement up to 6.1 dB, efficiency up to 90.5 % and directivity up to 

6.53 dB. 
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antenna bandwidth is 19.6 %. Figure 8 shows that gain and directivity of the antenna 

nearly remains unchanged; while the bandwidth significantly increased as strip width 

decreased.  
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(a) Computed input impedance, ـــــــ Real and 

…. Imaginary parts versus frequency. 

 
 

(b) Total current density (A/m) on x-y plane 

at 25 mm. 
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(c) Antenna gain  radiation pattern 

(….. E-plane,  ـــــــــ  H-plane) 
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(d) Antenna directivity  radiation pattern 

(….. E-plane,  ـــــــــ H-plane) 
 

 
(e) Antenna gain 3D polar plot 

 

 

 
(f) Total electric field  3D polar plot 

 

Figure 7: Optimized single metal patch Rectangular DRA parameters results 
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VI. PROPOSED DOUAL METALIC STRIP RDRA 

The proposed geometry of the low profile DRA fed with a stepped microstrip line and 

with double metallic strip is shown in Fig. 9. Through extensive simulations as will be 

shown in Fig. 9-b, the proposed configuration produced an impedance bandwidth 

better than 23.5%. The metallic strip is a slot over the RDRA. This metallic slot 

disturbs the current distribution in the DR antenna. The proposed metallic RDRA unit 

section can provide cutoff frequency and attenuation zero in some frequency. The 

metallic slot increases the effective permittivity leading to an increase in the effective 

inductance and capacitance of the microstrip line. Therefore, the metallic slot can be 

modeled as a parallel LC resonance circuit. A more accurate model of the metallic slot 

would include an extra capacitance and inductance which result due to the fringing 

fields around the discontinuity area. The circuit parameters for the derived equivalent 

circuit can be extracted from the simulation results as described in [19]. The schematic 

diagram of the designed antenna with stepped microstrip is shown in Fig. 9-a. The 

antenna dimensions are; W = 10 mm, L = 10 mm, H = 2.5 mm. The substrate used for 

this simulation was Rogers RT/Duroid 3010 with the thickness of t = 1.27 mm and a 

dielectric constant of εr = 10.2. 
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(a) Double metallic strip (Top View)  
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 (b) Simulated S11 parameters 

 

Figure 9:  Double metallic strip and EM simulations  
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(b) Total current density (A/m) on RDRA. 

-30

-25

-20

-15

-10

-5

0

11.5 12 12.5 13 13.5 14 14.5 15 15.5

Return Loss S11(dB)

R
e
tu

rn
 L

o
s

s
 S

1
1

(d
B

)

Frequency(GHz)



Hany A. Atallah and Ehab K. I. Hamad 1480 

-14.00

-8.00

-2.00

4.00

90

60

30

0

-30

-60

-90

-120

-150

-180

150

120

Ansoft Corporation 2metalpatchgoodresRadiation Pattern 1

Curve Info

dB(GainTotal)

Setup1 : Sw eep1

dB(GainTotal)_1

Setup1 : Sw eep1

 
(c) Antenna gain  radiation pattern 

(….. E-plane, ـــــــــ H-plane) 
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(d) Antenna directivity  radiation pattern 

(….. E-plane, ـــــــــ  H-plane) 

 
(e) Antenna gain 3D polar plot 

 
(f) Total electric field  3D polar plot 

Figure 10: Optimized dual metal strip rectangular DRA parameters results 

 

Figure 10 illustrates the parameter results of the optimized broadband SM 

double metallic strip rectangular DRA. Which produces a bandwidth up to 23.75% (2.9 

GHz) form (12 to 15) GHz suitable for wideband wireless communication applications 

at Ku-band with gain improvement up to 7.7 dB and directivity up to 8.6 dB. 

Size reduction was demonstrated while maintaining a reasonable bandwidth 

(23.7%). by reducing the antenna size to (45×60 mm
2
). Figure 11 shows the gain and 

directivity of the proposed dual metallic strip RDRA and its reduced size. The 

proposed antenna offers a peak gain of ~7.7 dB and an average gain of ~6.65 dB while 

the reduced size offers a peak gain of ~6.6 dB and an average gain of ~5.2 dB   in the 

operating band. 
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 (a) the proposed antenna gain and directivity     (b) the reduced size antenna gain and 

directivity 

Figure 11: The effects of the antenna size on gain and directivity in the operating band 

 

VII. CONCLUSIONS 

In this paper, a design of a new broadband rectangular DRA antenna has been 

presented. By adding a metallic strip on the RDRA and stepped microstrip for 

enhancing the matching, the bandwidth and the gain of the proposed antenna has been 

significantly improved. A parametric investigation of the different variables has also 

been presented, and the obtained results show that the proposed antenna can produce a 

bandwidth of 23.75 %. The radiation patterns are stable over the operating frequency 

range. With this feature, the proposed antennas are suitable for broadband wireless 

systems at X-band and Ku-band. 
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هوائي العازل الرنان المستطيل المحكم ذو نطاق التردد الواسع و المظهر المنخفض 
 والمحمل بقطعة معدنية طويلة لتناسب تطبيقات النطاق العريض

 

هوائي العازل الرنان المستطيل المحكم ذو نطاق التردد الواسع و المظهر المنخفض  المُقترح باستخدام  
ومُطور   ( Rogers RT/Duroid 3010 εr = 10.2)ر نسبيا   طبقة من مادة ذات ثابت عزل صغي

هوائي العازل الرنان المستطيل مُغذى بخط توصيل طولى مُعدل  ليناسب تطبيقات الاتصالات اللاسلكية.
تشغيل نطاق التردد  بين هوائي العازل الرنان المستطيل والمُغذى.  ذو خطوة أكبر ليضمن ارتباط كفء

هوائي العازل الرنان المستطيل بقطعة معدنية طويلة مُوصِلة والتى تنتج رنين جديد الواسع يتحقق بتحميل 
تم تحميل هوائي العازل الرنان  بجوار تردد تشغيل الهوائي. تم تحسين آداء الهوائي بشكل ملحوظ.

تُنتج رنين ثنائى مُثار نتج عنه المستطيل بقطعتين معدنيتين طويلتين وموصلتين ذاتا طول مناسب  ل
 (.23.75 اتساع في مدى تردد العمل للهوائي )يصل الى % 

تم تحسين خصائص التردد وأداء الاشعاع للهوائي المقترح إلى أبعد قدر ممكن وكذا النماذج الاولية 
المحاكاة  تم مناقشة تقليل حجم الهوائي مع المحافظة على مدى تردد مقبول وتم عرض نتائج المتعلقة.

 التي تؤيد الفكرة المطروحة بالبحث باستخدام البرامج التجارية المعتمدة.


