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Abstract  Characteristics of hemispherical dielectric resonator antenna (DRA) mounted on or embedded in spherical 
ground plane are discussed in this paper. Curvature effects on radiation characteristics of hemispherical DRA are evaluated 
using the finite element method and the finite integration technique. The co-polarization and the cross-polarization charac-
teristics are analyzed. The structure of a superstrate-loaded hemispherical DRA is treated. The superstrate layer is loaded 
directly on the hemispherical DRA. The results obtained for the reflection coefficient, the input impedance and the radia-
tion pattern in different planes are analyzed as functions of ground sphere radius and superstrate permittivity. 
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1. Introduction 
Dielectric resonator antennas (DRAs) have been of inter-

est of the last two and half decades due to its attractive fea-
tures like high radiation efficiency (virtually no metallic 
loss and surface wave loss), shape flexibility (rectangular, 
cylindrical, hemispherical, etc.), different available feeding 
mechanism (coaxial probes, slots, microstrip lines, coplanar 
waveguides), a wide range of available material (relative 
dielectric constant from 4 to 100) , easily controlled char-
acteristics (input impedance, bandwidth, radiation pattern), 
lightweight, and small size. 

Extensive effort was devoted to compute the characteris-
tics of DRA on planar ground plane[1-7]. Numerous appli-
cations for DRAs, especially in satellite, missiles, aircraft, 
spacecraft and mobile communications, require them to be 
mounted on non-planar surfaces. In these applications, the 
radiation pattern with low sidelobe characteristics should be 
provided in order to avoid electromagnetic interference. 
Improved bandwidth, large angle of coverage, and omnidi-
rectional radiation pattern are several advantage of using 
antennas over non-planar surfaces. Recently, the radiation 
characteristics of cylindrical DRA placed on or embedded 
in circular cylindrical ground plane of finite length are in-
vestigated[8-9].  

In this paper, the radiation characteristics of hemispheri 
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-cal DRA mounted on or embedded in spherical ground 
plane structure are investigated. The spherical surface pro-
vides more freedom of curvature variation in the θ and φ 
directions than does the cylindrical structure, which has 
only one degree of freedom in the φ direction. Numerical 
results are obtained using the finite element method 
(FEM)[10] and the finite integration technique (FIT)[11]. 
The results obtained for the reflection coefficient, the input 
impedance and the radiation pattern in different planes are 
analyzed as functions of ground sphere radius and super-
strate permittivity. 

2. Methods of Solution 
2.1. Finite Element Method 

The finite element method (FEM) is used for finding ap-
proximate solution of partial differential equations (PDE) 
and integral equations. The solution approach is based ei-
ther on eliminating the differential equation completely 
(steady state problems), or rendering the PDE into an 
equivalent ordinary differential equation, which is then 
solved using standard techniques such as finite differences. 
In solving partial differential equations, the primary chal-
lenge is to create an equation which approximates the equa-
tion to be studied, but which is numerically stable, meaning 
that errors in the input data and intermediate calculations do 
not accumulate and cause the resulting output to be mean-
ingless. There are many ways of doing this, all with advan-
tages and disadvantages. The finite element method is a 
good choice for solving partial differential equations over 
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complex domains or when desired precision varies over the 
entire domain. More details about FEM can be found 
in[10-16].  

2.2. Finite Integration Technique 

The finite integration technique (FIT) is a spatial dis-
cretization scheme to solve electromagnetic field problems 
in time and frequency domain numerically. FIT was pro-
posed in 1977 by Thomas Weiland[17-20] and has been 
enhanced continually over the years. This method covers 
the full range of electromagnetic, from static up to high 
frequency and optic applications. The basic idea of this ap-
proach is to apply the Maxwell’s equations in integral form 
to a set of staggered grids. This method stands out due to 
high flexibility in geometric modelling and boundary han-
dling as well as incorporation of arbitrary material distribu-
tions and material properties such as anisotropy, 
non-linearity and dispersion. Furthermore, the use of a con-
sistent dual orthogonal grid (e.g. Cartesian grid) in conjunc-
tion with an explicit time integration scheme (e.g. 
leap-frog-scheme) leads to extremely high efficient algo-
rithms referred to both computation time and memory re-
quirements which are especially adapted for transient field 
analysis in RF applications. More details about FIT can be 
found in[11]. 

3. Numerical Results 
Figure.1 shows the geometry of hemispherical DRA an-

tenna mounted on metallic ground sphere (filled with air). 
The metallic ground sphere is assumed to be perfect con-
ductor and the thickness is negligible since it is much less 
than that of the operating wavelength. The hemispherical 
DRA with dielectric constant εr =8.9 is used. It has radius 
"a", of 2.54 cm. A coaxial probe with radius of 0.075 cm 
excites the antenna. The probe is located off the center by df 
=1.74 cm with a height "h", of 1.52 cm. The hemispherical 
DRA is designed to operate at 1.77 GHz. The radius of the 
ground sphere is "rs".  

 
Figure 1.  The geometry of hemisphere DRA mounted on spherical 
ground plane structure. 

The simulated reflection coefficient and the input im-
pedance as a function of frequency are illustrated in Figure 
2 and Figure 3, respectively. The radius of the sphere, rs 
=10 cm. The simulated results are calculated by using the 
FEM and compared with that calculated by FIT method. 
Good agreement is obtained. The effect of changing the 
radius of the sphere, rs, on the reflection coefficient, input 
impedance and resonant frequency are demonstrated in 
Figs.4-6. It is seen that the resonant frequency increases 
with increasing the radius of the sphere. The resonant input 
resistance occurs at higher frequencies for larger sphere 
radii. The input resistance and reactance levels are also seen 
to be little decrease with increasing sphere radii. 

 
Figure 2.  Reflection coefficient versus frequency for rs=10cm. 

 
Figure 3.  Input impedance versus frequency for rs=10cm. 

 
Figure 4. Reflection coefficient versus frequency for different sphere radii, 
rs. 
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a. input resistance. 

 
b. input reactance. 

Figure 5.  Input impedance for different sphere radii, rs. 

 
Figure 6.  The resonance frequency versus different sphere radii, rs. 

The FEM method is used to simulate the radiation pat-
terns in different planes as shown in Figure7. The radius of 
the sphere rs =10 cm and the operating frequency, f 
=1.77GHz. The results are compared with that calculated by 
FIT method. Good agreement is depicted. The copolarized 
and the cross-polarized field components are shown in Fig-
ure8, Ecopol = Eθ cosφ - Eφ sinφ, Expol = Eθ sinφ + Eφ 
cosφ, the field amplitudes in each case are normalized with 
respect to the copolarized field at θ = 0. The effects of 
changing the sphere radii on the polarized field components 

are illustrated in Figure9. Little variation in the 
cross-polarization field component with increasing the 
sphere radii is noticed. The back radiation is seen to increase 
with decreasing the sphere radius. Figure10 shows the 
cross-polarization level, Ecopol./Expol., as a function of 
frequency. It is seen that as the radius of the sphere increases, 
the cross-polarization level increases. This means that the 
hemispherical DRA on the spherical ground plane structure 
has a better linear polarization characteristic than that in 
planar ground plane. 

 
a. x-z plane 

 
b. y-z plane 

 
c. x-y plane 

Figure 7.  The radiation patterns in different planes at f= 1.77GHz. 
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(a) 

 
(b) 

Figure 8.  Radiation patterns of copolarized and cross-polarized field 
components at f=1.77 GHz. 

 
(a) 

 
(b) 

Figure 9.  Radiation patterns of co polarized and cross-polarized field 
components for different sphere radii, rs, at f=1.77GHz. 

 
Figure 10.  Cross-polarization level as a function of frequency. 

A hemispherical DRA embedded in spherical ground 
plane structure loaded with protecting dielectric superstrate 
is shown in Figure11. The superstrate layer directly loaded 
the hemispherical DRA. It has a relative permittivity εrs, a 
thickness hc = 3.5 cm and rc=4 cm. Figure12 and Figure13 
show the variations of reflection coefficient and input im-
pedance with frequency for different superstrate materials 
εrs. Four cases εrs =1, εrs =2.2, εrs =3.5, and εrs =5.7 are 
studied. From the results it is seen that both the resonance 
frequency and the impedance bandwidth are decreased with 
increasing the relative dielectric constant of superstrate ma-
terial εrs. The values of the input impedance are changed 
dramatically with increasing εrs. Figure14 shows the reso-
nance frequency versus the relative dielectric constant of 
superstrate materials εrs.  Figure15 shows the effect of 
changing the radiation patterns in different planes for dif-
ferent superstrate materials. The operating frequency used 
for calculating the radiation patterns is f=1. 756GHz. It is 
observed that the radiation patterns are almost exactly the 
same for different values of εrs for Eθ component (Fig-
ure15a). Little variations in Eφ components in different 
planes with changing εrs (Eφ very small in x-z plane) are 
noticed. The changing of the co-polarized and 
cross-polarized field components are shown in Figure16. 
The cross-polarization component is increased with in-
creasing dielectric superstrate material εrs. The 
cross-polarization level as a function of the resonant fre-
quency at different superstrate materials is shown in Fig-
ure17. The values of the cross polarization level are de-
pendent on the relative constant of the superstrate material. 
Figure18. Show the variations of reflection coefficient with 
frequency for different values of rc. It is noted that the im-
pedance bandwidth are increased with increasing the value 
of rc (the thickness of dielectric superstrate) and resonance 
frequency is decreased. Figure19. Shows the effect of 
changing the gain as a function of frequency in different 
structures of the ground, when the hemispherical DRA em-
bedded in spherical ground plane structure loaded with pro-
tecting dielectric superstrate improve the gain than mounted 
on spherical ground sphere but reduce the impedance 
bandwidth as shown in Figure20.  
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Figure 11.  Shows the geometry of hemispherical DRA embedded in 
spherical ground plane structure. 

 
Figure 12.  The variation of reflection coefficient versus frequency for 
different dielectric superstrate, εrs. 

 
a. input resistance. 

 
b. input reactance 

Figure 13.  Input impedance versus frequency for different dielectric 
superstrate 

 
Figure 14. The resonance frequency versus relative dielectric constant of 
superstrate materials, εrs.. 

 
a. x-z plane 

 

 
b. y-z 
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c. x-y plane 

Figure 15. The radiation patterns in all planes for different superstrate  
materials, εrs, at f=1.756GHz. 

 

 
Figure 16.  Radiation patterns of copolarized and cross-polarized field 
components for dielectric superstrate  materials, εrs at f=1.756GHz. 

 
Figure 17.  Cross-polarization level as a function of frequency. 

 
Figure 18.  The variation of reflection coefficientVersus of frequency for 
different rc. 

 
Figure 19.  Gain as a function of frequency. 

 
Figure 20.  The variation of reflection coefficient versus of frequency. 
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4. Conclusions  
The finite element method and finite integration technique 

are used to calculate the radiation characteristics of hemi-
spherical DRA mounted on or embedded in spherical ground 
plane. The hemispherical DRA is loaded with a protecting 
dielectric superstrate. The effects of changing the radius of 
the sphere and dielectric superstrate on the reflection coef-
ficient, input impedance, resonant frequency, impedance 
bandwidth, and radiation patterns in different planes are 
demonstrated. It is seen that as the radius of the sphere in-
creases the resonance frequency increases, the magnitudes of 
the input resistance and reactance decrease and the 
cross-polarization level increases. Also, the cross-polarized 
field component is increased with increasing the superstrate 
material. The thickness of dielectric superstrate effect on 
resonance frequency and the impedance bandwidth then 
compared between the different grounds structure to show 
their effect on the gain and impedance bandwidth. 
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