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Abstract— The radiation patterns of individual antennas are either omnidirectional or directional in shape. The patterns of a linear array are either broad side or end fire in shape and
the radiation patterns are omnidirectional in collinear arrays. These shapes are common and are
widely used in many broad casting applications with a single element. Shape of the radiation
pattern can be altered by using reflectors of various geometries. But these antennas with reflectors are heavy and are not suitable for the present day applications where miniaturization is the
prime requirement of any gadget. Antenna arrays are highly suitable for effectively controlling the
radiation pattern properties such as position of nulls, number of side lobes and their amplitudes
using parameters of the array such as input excitation of the elements and the separation between
them. Geometrical shape of the array also plays an important role in determining the radiation
properties but complex configurations are not preferred due to high cost. Complex shaped beams
can be easily generated by using simple linear antenna array with excitation control. Excitation
may be input amplitude or phase of the individual elements of the array. Amplitude control
method is not usually preferred as the scanning of the beam is not possible and usually losses
in the feed configuration are more. More over the amplitude taper between center element and
edge elements becomes pronounced as the number of elements in the array increases. Control of
excitation phase of individual elements to generate complex beam shapes is more optimum as the
input amplitudes of the elements are maintained constant and is suitable for scanning the beam
at high speeds. The radiation intensity from a linear array may be expressed as a Fourier Transform which consists of complex exponential term. Many times such transforms cannot be solved
by standard methods. In such cases numerical or approximation methods are used to obtain
desired result. In this paper a biconical linear antenna array is proposed to generate trapezoidal
shaped radiation pattern using input phase control method. The stationary phase concept is
used to evaluate required phase coefficients necessary for the elements of the proposed array to
generate the Trapezoidal shaped radiation pattern which is highly useful in ground mapping and
surveillance applications.
1. INTRODUCTION

Many wireless communication systems in VHF and UHF range require wide area coverage and uses
wire antennas because of their low cost. The directivity of single element antenna is very poor and
side lobes are more. Point to point communication systems require pencil beams whose beam width
is around 15 degrees but design of these antennas are highly involved. Generation of sector and
cosecant patterns has been reported by many authors in the past. H. J. Zhou et al. proposed [1]
planar array for the generation of flat-topped shaped beam, but the proposed array is very large and
expensive. J. A. R. Azevedo has proposed synthesis of shaped patterns with non uniform sample
phases [2], but the resultant pattern has more side lobes. An implicit constraint is used on the
excitation current of elements of the linear array and the overall pattern function is minimized by
placing constraints on the excitation currents [3]. Analysis of Biconical antenna for its wide band
characteristics is reported in detail in [4–6]. Linear Biconical antenna characteristics are analyzed
and reported in [7]. In this paper the phase control method is used to generate trapezoidal shaped
beam.
2. LINEAR BICONICAL ANTENNA ARRAY

Biconical antennas exhibit wide band radiation characteristics. Radiation characteristics of biconical antenna with 90 degrees cone angle is reported in [6]. The electric and magnetic fields are
related by
∇ × E = −jωµH
(1)
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The electric field is oriented along the axis of the cones and the magnetic field in the horizontal
plane.
1 ∂
(rEθ ) = −jωµHφ
r ∂r
∇ × H = jωεE
1 ∂
(r sin θHφ ) = −jωεEθ
r sin θ ∂r
1 ∂
(rHϕ ) = −jωεEθ
r ∂r
∂ 2 (rHϕ )
= −ω 2 µε (rHϕ ) = −K 2 (rHϕ )
∂r2
H0 e−jkr
Hφ =
sin θ r
Ho e−jkr
Eθ = ηHϕ = η
sin θ r

(2)
(3)
(4)
(5)
(6)
(7)
(8)

A linear biconical antenna array consists of required number of biconical antennas are arranged
along a line and the array excitation can be used effectively to control the radiation properties of
the pattern of the array, such as introducing nulls in the desired direction, to introduce desired side
lobe topology or to generate desired shaped radiation pattern.
For the linear array of discrete radiators under consideration, the radiation pattern is given by
E(u) =

N
X

b(x)e

j2πL
λ

[ux + ϕ(x)]

(9)

n=1

where x = 2n−1−N
.
N
The stationary phase concept method is used for evolving the phase coefficients necessary for
generation of Trapezoidal pattern. ϕ(x) is the phasor corresponding to E(u). Here b(x) is the
excitation amplitudes of the elements of the array and is maintained constant in phase control
method.
∂
[ux + ϕ(x)] = 0
∂x
∂ϕ
u=−
∂x
Zx2
Zu2
L
2
|E(u)| du = |(b(x))|2 dx
λ
u1

E(u) = (1 − u);

(10)
(11)
(12)

x1

−u0 ≤ u ≤ u0

= 0 otherwise

(13)

3. SYNTHESIS OF LINEAR BICONICAL ANTENNA ARRAY TO GENERATE
TRAPEZOIDAL PATTERN

A biconical dipole of height of half wave length and cone angle of 90 degrees is designed, modeled,
simulated and its radiation characteristics are analyzed for its wide band characteristics in [6]. A
linear array of biconical antennas of equal separation is formed and analyzed in [7].
√
λg = λ/ 2.1 = 34.5 mm
(14)
λg = 360 = 34.5, hence for 1 degree = 0.096 mm
(15)
A linear biconical antenna arrays consisting of eight and fifty elements are simulated in WIPL-D.
Separation between the elements of the array is half wave length. The cone angle of each cone is
90 degrees and is designed for 6 GHz frequency. Height of each cone is 12.5 mm corresponding to
quarter wavelength. Each element is excited using phase coefficients necessary for the generation
of Trapezoidal pattern. Also the eight element biconical linear antenna array is fabricated with
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Figure 1: Fabricated 8-element biconical array.
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Figure 2: Cables used in the feed for the measurement.

Table 1: Position and phase level of each element in the array.
Element
Number
1
2
3
4
5
6
7
8

Element
Location (mm)
−87.5
−62.5
−37.5
−12.5
12.5
37.5
62.5
87.5

Phase angle
(Deg.)
394.07
339.54
299.42
269.218
246.89
231.19
221.29
216.57

Phase angle
(normalized)
0
54.53
94.65
124.85
147.18
162.88
172.78
177.5

Cable
length (mm)
0
5.235
9.1
11.99
14.13
15.64
16.59
17.04

0.0
-2.5
-5.0
Amplitude (dB)

-7.5
-10
-12.5
-15.0
-17.5
-20.0
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Figure 3: Simulated trapezoidal pattern of 8element array.

Figure 4: Measured trapezoidal pattern.
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Figure 5: Simulated trapezoidal pattern of 50element array (3D).
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Figure 6: Radiation pattern in horizontal plane.

the same dimensions for operation at 6 GHz frequency as shown in Figure 1. The feed of the
array consists of one 1 : 2 power divider and two 1 : 4 power dividers. The out puts of the power
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dividers are connected to the cables shown in Figure 2, that are designed and cut to the length
proportional to the phase coefficients of the corresponding element and every element in the array is
fed at a different phase as listed in Table 1, necessary for the generation of the desired Trapezoidal
pattern. All the elements in the array are excited at same amplitude. Figure 3 shows the simulated
trapezoidal pattern from eight element array and Figure 4 shows the respective measured pattern.
Whereas Figure 5 shows the trapezoidal pattern (3D) simulated from biconical array of 50 elements
and Figure 6 shows the respective pattern in horizontal plane.
4. RESULTS AND CONCLUSION

Linear biconical antenna arrays consisting of eight and fifty elements are modeled and simulated
to generate Trapezoidal Radiation patterns. Simulated pattern with small array consists of more
side lobes out side the main beam region and the main beam has ripples and is oscillatory. The
transition between shaped and unshaped regions is also not sharp. But the pattern generated
from large array consisting of more number of elements has no side lobes out side the main beam
and there are no ripples in the main beam region. The transition of the beam is very sharp and
shape of the main beam is very close to the desired pattern. An eight element biconical linear
array is fabricated and its radiation characteristics are measured by exciting with phase coefficients
generated using phase control method, keeping amplitudes of the elements constant. Comparing
the simulated and measured patterns it shows that the pattern in the shaped region is in close
agreement with that of the simulated pattern in both cases in shape and level. But the number
of side lobes and their amplitudes in the measured pattern are not in exact agreement with that
of simulated pattern. This is due to losses in the cables used in the feed for the excitation of the
array elements. Many techniques have been reported for the generation of shaped beams but did
not address the problem of reduction of side lobes and their amplitudes. In the proposed method
the results show that side lobes can be completely eliminated by using large arrays consisting of
more number of elements. But increasing the number of elements in the array also increases the
complexity of the feed and cost. Hence an optimum selection is to be made based on the application.
Low precision and low cost applications where approximate pattern with reasonable amount of side
lobe levels are suitable can use small arrays. But high precision radar applications where perfect
shape with minimum side lobes is required the large arrays are the best option. As the number of
elements in the array becomes more the beam in the shaped region approaches the desired pattern
as with the fifty element array. As the number of elements in the array increases the side lobes and
ripples of the main beam gets minimized and the pattern will be very close to the desired pattern.
Excitation phase coefficients can be generated for arrays consisting of even up to four hundred
elements.
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