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Abstract
Most of the works are centered around the generation of radiation 
patterns from array of dipole in free space. But in this paper array 
of vertical dipole embedded in a different dielectric slabs with 
and without ground plane is considered. Vertical dipole array 
embedded in different dielectric materials with different slab 
thickness is considered. The patterns from such arrays are realized 
and the results are useful for ground and Airborne applications.
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I. Introduction
An antenna is a device capable of carrying the time-varying current 
density that is necessary to generate the electromagnetic wave [1]. 
It is defined as “that part of a transmitting or receiving system that 
is designed to radiate or to receive electromagnetic waves”. The 
antenna represents a transitional structure between free-space and 
a guiding device, where the guiding device is a transmission line 
that transports the electromagnetic energy from the transmitter 
to the antenna or from the antenna to the receiver [2]. In general 
an antenna is a single element, which may be of various types 
depending on operating frequency range, environment, economy, 
and other factors. The single element may be as simple as a dipole 
or loop antenna or as complex as parabolic reflector antenna. When 
a particular application demands higher gain, more directive 
pattern, steerability of the main beam, or other performance that 
a single antenna cannot provide, an antenna made up of an array 
of discrete elements may offer a solution to the problem. Although 
the individual elements of an array may differ among themselves, 
they ordinarily are identical and similarly oriented for analytical 
and operational convenience [3].
In the classic paper of Dolph [4], array weights for a uniformly 
spaced linear array are derived to obtain minimum beam width for a 
given sidelobe level. In his work, isotropic elements in the array are 
considered. Taylor [5] reported an excellent method on the design 
of line source. The equi-spaced linear arrays have been investigated 
with analytical and numerical approaches. For the design Dolph-
Chebeshev [4], Woodward Lawson’s Method [6] is used for several 
years to produce some specified patterns. Fourier series method and 
Fourier Transform method [7] are useful to design different beam 
shapes. Elliot [8-11] extended results of continuous line source for 
the synthesis of the array. But it does not provide any control in the 
trade-in region of the patterns. Orchard et al. [18] reported a method 
of pattern synthesis of equi-spaced linear array. This method has 
some control in the trade-in region and also in the trade - off region. 
Over the last decade, some numerical methods are developed for 
the synthesis of equally spaced arrays. They are characterized by 
some constraints and the aperture distribution [12-14].
Bucci [15] reported a method of array pattern synthesis in which 
intersection approach is used. In this method, the search for a 
point belonging to the intersection of the two sets allows a very 
effective solution procedure, based on the projector concept and 

on the choice of the initial point of iteration. Bar-Ness et al. [16] 
described a method of synthesis of random antenna array patterns 
with prescribed nulls. The problem is formulated as a set of points 
in the radiation pattern, which are constrained to specific values 
and the unknowns are the current levels in the antenna array of 
the elements in the array. Quantitative relations are derived for the 
pattern change. Chjin Chung has done a good work on the radiation 
pattern of an array of dipoles in a dielectric slab [17].
In most cases, consideration of substrate characteristics involves 
the dielectric constant and frequency.  In order to provide support 
and protection for the dipole array, the dielectric substrate must 
be strong and able to endure high temperature during soldering 
process and has high resistant towards chemicals that are used 
in fabrication process. The substrate thickness and permittivity 
determine the electrical characteristics of the antenna.  Thicker 
substrate will increase the band width but it will cause the surface 
waves to propagate and spurious coupling will happen.  This 
problem however, can be reduced or avoided by using a suitably 
low permittivity substrate [19-20].  Most antennas are reciprocal, 
and the transmitting and receiving polarization properties are 
identical [21]. 
In most of the applications, the high first side lobe level introduces 
EMI problems and hence it should be lowered without disturbing 
the beam width [18]. There are three most common antenna 
polarizations and they are linear polarization, elliptical polarization 
and circular polarization. The polarization of embedded dipole in a 
dielectric slab is vertically linear..  Radiation of the antenna  mostly 
result from the fringing fields along the open circuited edges of the 
dipole. These fringing fields can be resolved into two components; 
vertical and tangential components with  respect to the ground 
plane.  The tangential components, which are horizontal to the 
ground plane, are in phase and the resulting fields give maximum 
radiated field vertical to the surface as well as structure [31]. 
In the present paper vertical dipole array embedded in a dielectric 
slab with and without ground plane is considered. The radiation 
characteristics of dipole antenna depend on dielectric material 
characteristics as well as dielectric slab thickness [22-27]. These 
antenna arrays are suitable for conformal antennas. However, in 
many practical scenarios, such as spacecraft, aircraft or missile 
applications, the mounting surface is irregular and/or the available 
space is limited. In these situations the array geometry must be 
designed to match the particular requirements of the support and 
so a conformal array is needed.. In general, the patterns of the 
elements can be oriented towards different directions, because 
of the irregularity of the geometry, and so the single element 
pattern cannot be factored out from the total array pattern [4]. 
Proper antenna elements may be required for conformal arrays, 
because the generic radiator may have to adhere to aerodynamic 
profiles. Besides, particular single element radiation patterns may 
be necessary to satisfy the design specifications for dedicated array 
topologies [5].
The purpose of this work is to generate radiation patterns of 
vertical dipole arrays embedded in different dielectric slabs with 
and without ground plane.
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II. Formulation
The fig. A and B shows vertical dipole array embedded in a 
dielectric slab with and without ground plane respectively.
The expression for radiation pattern is ( )uE . In case of vertical 
dipole array embedded in a dielectric slab   with and without 
ground plane [17],[31]  

 ∴            (1)
Where

 (2)

and                     (3)

in case of  vertical embedded dipole array in dielectric 
slab  without groundplane  is

    
      (4) 

= boundary reflection coefficient with parallel polarization

                                                  (5)

                                    (6)

And     (7)

Here, ( )nxA  = Amplitude distribution

 = array length 

u = sinθ, θ is the angle of observer

nx = spacing function, 
Ν

−Ν−
=

12n
nx

Ν = no. of element

( )nxφ  = excitation phase distribution 

Fig. A: Vertical Dipole Array Embedded in a Dielectric Slab with 
Ground Plane

Fig. B: Vertical Dipole Array Embedded in a Dielectric Slab 
without Ground Plane

III. Results
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Fig. 1: The Radiation Pattern of Vertical Dipole Array Embedded 
in Dielectric Slab of Thickness d=λ, εr=2.54(polysterene) &1(free 
space), array length  =20 with ground plane
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Fig. 2: The Radiation Pattern of Vertical Dipole Array Embedded 
in Dielectric Slab of Thickness d=λ, εr=2.54 (Polysterene) &1(Free 
Space), Array Length  =40 with ground plane
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Fig. 3: The Radiation Pattern of Vertical Dipole Array Embedded 
in Dielectric Slab of Thickness d=λ, εr=2.08(Teflon)&1(Free 
Space), Array Length  =20 with ground plane
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Fig. 4: The Radiation Pattern of Vertical Dipole Array Embedded 
in Dielectric Slab of Thickness d=λ, εr = 2.08(Teflon) &1(Free 
Space), Array Length  = 40 With Ground Plane



IJECT Vol. 6, IssuE 1, Jan - MarCh 2015  ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

w w w . i j e c t . o r g 46   InternatIonal Journal of electronIcs & communIcatIon technology

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
-50

-40

-30

-20

-10

0

u

E(
u

)

 

 
er=2.2
er=1

Fig. 5: The Radiation Pattern of Vertical Dipole Array Embedded 
in Dielectric Slab of Thickness d=λ, εr=2.2 (duroid)&1(Free 
Space), Array Length  =20 With Ground Plane
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Fig. 6: The Radiation Pattern of Vertical Dipole Array Embedded 
in Dielectric Slab of Thickness d=λ, εr=2.2(Duroid)&1(Free 
Space), Array Length  =40 With Ground Plane

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
-50

-40

-30

-20

-10

0

u

E(
u

)

 

 
er=2.54
er=1

Fig. 7: The Radiation Pattern of Vertical Dipole Array Embedded 
in Dielectric Slab of Thickness d=λ, εr=2.54(Polysterene)&1(Free 
Space), Array Length  =20 Without Ground Plane
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Fig. 8: The Radiation Pattern of Vertical Dipole Array Embedded 
in Dielectric Slab of Thickness d=λ, εr= 2.54(Polysterene)&1(Free 
Space), Array Length  =40 Without Ground Plane
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Fig. 9: The Radiation Pattern of Vertical Dipole Array Embedded in 
Dielectric Slab of Thickness d=λ, εr=2.2(duroid)&1(Free Space), 
Array Length  =20 Without Ground Plane
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Fig. 10: The Radiation Pattern of Vertical Dipole Array Embedded 
in Dielectric Slab of Thickness d=λ, εr=2.2(duroid)&1(Free Space), 
Array Length  =40 Without Ground Plane
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Fig. 11: The Radiation Pattern of Vertical Dipole Array Embedded 
in Dielectric Slab of Thickness d=λ, εr=2.08(teflon)&1(free space), 
array length  =20 without ground plane
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Fig. 12: The Radiation Pattern of Vertical Dipole Array Embedded 
in Dielectric Slab of Thickness d=λ, εr=2.08(teflon)&1(free space), 
array length  =40 without ground plane
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Fig. 13: The Radiation Pattern of Vertical Dipole Array Embedded 
in Dielectric Slab of Thickness d=λ, εr=4.882(woven fiber 
glass)&1(free space), array length  =20 without ground 
plane
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Fig. 14: The Radiation Pattern of vertical dipole array embedded 
in dielectric slab of thickness d=λ, εr=6.0(duroid)&1(free space), 
array length  =20 without ground plane
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Fig. 15: The Radiation Pattern of vertical dipole array embedded 
in dielectric slab of thickness d=λ, εr=9.0(ferrite)&1(free space), 
array length  =20 without  ground plane
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Fig. 16: The Radiation Pattern of vertical dipole array embedded in 
dielectric slab of thickness d=λ, εr=10.08(duroide)&1(free space), 
array length  =20 without ground plane

IV. Conclusion
It is evident from the results the radiation patterns are observed 
to be asymmetric for some cases and symmetric for some other 
cases. These results obtained by proper selection of dielectric 
materials and thickness of the dielectric slab. For grounded vertical 
dipole array embedded in a dielectric slab with εr = 2.2, 2.08, 
gives high directive beam with symmetrical radiation patterns and 
εr = 1 produces asymmetrical radiation patterns with low beam 
intensity. Whereas ungrounded case with εr = 4.882 produces 
radiation patterns with asymmetric in nature. For εr = 6.0 at the 
visible region the pattern is symmetric and at the far field region 
the pattern is asymmetric. This type of array antennas embedded 
in different dielectric materials are used to produce both symmetric 
and asymmetric patterns in visible and far field regions and these 
results are very useful for ground and airborne applications.
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