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Abstract – A binomial array is a non-uniform antenna 

array for which the elements are equally spaced with unequal 
amplitude excitation using a specified current excitation 
known as binomial excitation. In this work a linear broadside 
dipole antenna is utilized to study the impact of the number, 
spacing and amplitude excitations of the elements on the 
radiation characteristics using 4NEC2 simulation software 
and compared to its analogues uniform array. The spacing 
between the elements varied from 0.1λ to 2λ in steps of 0.02λ 
for a number of elements up to 10 elements. The best 
configuration achieving a 12.8 dBi gain was 10-element with 
0.82λ spacing which may be used for GSM application at 
1.8GHz frequency.  

 
Keywords – Binomial Array, Gain, Half Power Beam 

Width, Max. Side Lobe Level, No. of Side Lobes, Radiation 
Pattern. 
 

I. I NTRODUCTION  
 
Wireless communication has become an integral part for 

modern word. The most popular standards for mobile 
phones in today's word is GSM. A 4x4 rectangular 
microstrip patch antenna with the gain about (13.8~14.4) 
dBi for GSM application was presented by [1]. The same 
gain range was also achieved by a 2x2 microstrip patch 
antenna for the same application by [2]. [3] achieved a 
13.8dBi gain for the same application using a 7 dipole 
elements with 0.88λ spacing using a uniform linear 
broadside array operating at 1.8GHz. In this study a 
binomial excitation non-uniform linear broadside dipole 
antenna array has been studied for GSM application at the 
same frequency (1.8GHz). Several antennas can be 
arranged in space, in different geometrical configurations, 
to produce a highly directional pattern. Such a 
configuration of multiple antenna elements is referred to 
as an antenna array. In an array antenna, the fields from 
the individual elements interfere constructively in some 
directions and cancel in others. Arrays offer the unique 
capability of electronic scanning of the main beam (major 
lobe) by changing the phase of the excitation current of 
each array element (phased array antennas). Also, a large 
variety of radiation patterns and side lobe levels can be 
achieved by controlling the magnitude of the excitation 
current as well [4]. The total radiation pattern can be 
obtained by multiplying the chosen element pattern with 
the array factor (the total radiation pattern of isotropic 
array antenna).  

An antenna array is said to be linear if all the elements 
are suitably spaced along a common (straight) line (array 
axis) in one direction. Linear array antenna has a wide 
range of applications in radar and communication systems 

due to higher directivity, low side lobe and high gain when 
compared with other kinds of single radiating element 
antenna [5]. There are two types of linear arrays, a 
uniform array having uniform inter-element spacing and 
uniform amplitude excitation and a non-uniform linear 
antenna arrays having uniform inter-element spacing and 
non-uniform amplitude distributions. Binomial arrays are 
typical examples of non-uniform arrays [6]. 

For a binomial array the array factor (AF) of a linear 
array of N equally spaced elements is given by [7] as: 
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�
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Where  
� = � � ���(�) + � 

N = number of the elements 
d= distance between elements 

K = wave number (2� �� ) 
 
θ = angle between the array axis and the direction to the 
field point 
 
�� = current amplitudes are real and can be different for 
each n 
 
The bove array factor can be written as a polynomial in 
terms of � = ���  
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The side lobe reduction introduced by the triangular 

amplitude taper suggests that perhaps an amplitude 
distribution exists such that all side lobes are completely 
eliminated. Indeed, this is possible if the ratios of the 
currents are equal to the coefficients of the binomial 
series. For a two-element array with equal amplitudes and 
spacing d, the array factor can be written in terms of 
� = ��� as 

 
  �� = 1+Z                                                              (3) 

 
And the current amplitude is 1:1 for the 2-element (the 

coefficient of the polynomial is the amplitude excitation). 
For N element array, the array factor reduces to:  

 
�� = (1 + �)	
�                                                          (4) 
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The coefficients of the expansion represent the relative 
amplitudes of the elements.  
 

II. D ESIGN AND SIMULATION 
 

In this work some basic radiation characteristics for a 
non-uniform linear dipole antenna array has been analized 
through the variation of the number of the elements and 
the spacing between them using binomial  method for 
specifing the amplitudes of the excitation currents of the 
elements. For a 1.8 GHz operating frequency t
(L) and the radious (R ) of the array element ( 
length dipole antenna)has been calculate
equations below [8,9] . 

! = 0.475 � = �&'
(()*+)  (m)                                         

 

, = -
. = 0.001 �                                                           

 
For the broadside linear dipole array the elements were 

arranged parallel to each other along the Z
values of L and R were fixed for all the 
broadside non-uniform linear array configurations 
suggested in this work. The results we
with that of a similar uniform array. 
A. Effect of Number of Elements on the Performance 
of Dipole Array Antenna 

The first proposed study was devoted to investigate the 
impact of the number of elements on the radiation 
characteristics for linear broadside 
excitation , like the gain, half power beam width, 
maximum side lobe level (SLL), no. of SLL and radiation 
pattern. When the spacing between elements was fixed at 
(0.5λ) the number of elements is changed from 2
elements. The elements excitation current amplitudes for 
each array with a given number of elements has being 
calculated from the equ. 4  and the results were shown in 
Table (1). 
 
Table (1): The excitation coefficients of the binomial for 

different number of elements are:
No. of   

     
Ele.   

     
 

  
     

N=1 1   
    

N=2 1 1      
N=3 1 2 1   

  
N=4 1 3 3 1   

 
N=5 1 4 6 4 1   
N=6 1 5 10 10 5 1 
N=7 1 6 15 20 15 6 
N=8 1 7 21 35 35 21 

N=9 1 8 28 56 70 56 

N=10 1 9 36 84 126 126
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of the expansion represent the relative 

IMULATION RESULTS 

In this work some basic radiation characteristics for a 
uniform linear dipole antenna array has been analized 

of the elements and 
the spacing between them using binomial  method for 
specifing the amplitudes of the excitation currents of the 
elements. For a 1.8 GHz operating frequency the length 

the array element ( half wave 
has been calculated from the 

                                         (5) 

                                                          (6) 

For the broadside linear dipole array the elements were 
arranged parallel to each other along the Z-axis and the 
values of L and R were fixed for all the two different 

array configurations 
. The results were also compaired 

Effect of Number of Elements on the Performance 

ed study was devoted to investigate the 
impact of the number of elements on the radiation 

broadside array binomial 
tion , like the gain, half power beam width, 

maximum side lobe level (SLL), no. of SLL and radiation 
between elements was fixed at 

is changed from 2 to 10 
s. The elements excitation current amplitudes for 

a given number of elements has being 
results were shown in 

: The excitation coefficients of the binomial for 
ferent number of elements are: 

    
    
    

    
    
    
    

 
    

   
   

 1   
  

 7 1   
 28 8 1   

126 84 36 9 1 

The design simulation and optimization processes 
carried out with the aid of the 4NEC2 simulat
design procedure using 4NEC2 were mentioned in [10
after equating the phase of the elements current to zero for 
broadside array. Table (2) tabulate
bellow. 

 
Table (2): Gain, HPBW, max

each array with a number of elements

HPBW 
(vertical 
plane) 

Gain 
(dBi) 

No. of 
elements 

360 2.14 1 
60 5.97 2 
44 7.41 3 
36 8.29 4 
32 8.92 5 
28 9.42 6 
24 9.82 7 
24 10.2 8 
20 10.4 9 
20 10.7 10 

 
The variation of the gain with different number of 

elements has been illustrated in the Fig. below, showing 
that the gain depends on the number of 

          Fig. 1. Gain vs. no. of element
   

It is observed that there are no minor lobes for the arrays 
with the element spacing of λ/2. And 
with increasing the number of the elements 
reduction in the vertical plan pattern 
kept constant in horizontal plan as shown in Table (2
Figure (2) and (3) shows the radiation pattern 
vertical and horizontal plans with 
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he design simulation and optimization processes were 
carried out with the aid of the 4NEC2 simulator (Antenna 

sing 4NEC2 were mentioned in [10] )  
after equating the phase of the elements current to zero for 

tabulates the results as shown 

HPBW, max. SLL and No. of SLL for 
each array with a number of elements 

No. of 
SLL 

max.
SLL 
(dBi) 

HPBW 
(horizontal 

Plane) 

0 -∞ 80 
0 -∞ 80 
0 -∞ 80 
0 -∞ 80 
0 -∞ 80 
0 -∞ 80 
0 -∞ 80 
0 -∞ 80 
0 -∞ 80 
0 -∞ 80 

The variation of the gain with different number of 
elements has been illustrated in the Fig. below, showing 

pends on the number of elements. 

 
Gain vs. no. of element 

    
It is observed that there are no minor lobes for the arrays 

spacing of λ/2. And the gain increases 
with increasing the number of the elements and there is a 
reduction in the vertical plan pattern HPBW while it is 

zontal plan as shown in Table (2). 
he radiation pattern both in 

s with no side lobes. 
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Fig. 2. The radiation patterns in vertical plane for arrays with different number of element at 
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The radiation patterns in vertical plane for arrays with different number of element at 
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The radiation patterns in vertical plane for arrays with different number of element at λ/2 spacing 
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Fig. 3. The radiation patterns in horizontal plane for arrays 

B. Effect of Element Spacing on the Performance 
Dipole Antenna Array 

To investigate the variation of the previous antenna 
parameters versus the spacing between the elements for a 
10 element non-uniform (binomial excitation) dipole 
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The radiation patterns in horizontal plane for arrays with different number of element at 
 

Effect of Element Spacing on the Performance 

To investigate the variation of the previous antenna 
g between the elements for a 

uniform (binomial excitation) dipole 

array. The spacing varied from 0.1
observed that there are no minor lobes for the arrays with 
spacing of 0.1λ, 0.2λ, 0.3λ, 0.4λ
level side lobes will appear for both 0.8
shown from their radiation patterns diagram in Fig. (4).
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with different number of element at λ/2 spacing 

array. The spacing varied from 0.1λ to λ and it was 
observed that there are no minor lobes for the arrays with 

, 0.4λ, 0.5λ, 0.6λ, 0.7λ. Two low 
el side lobes will appear for both 0.8λ and 0.9λ as 

shown from their radiation patterns diagram in Fig. (4).
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Fig. 4.  Radiation pattern for 10 elements at different spacing using binomial excitation
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Table (3) tabulates the studied parameters of the arrays 
versus the spacing for the 10 element array. 
 
Table (3): Gain, HPBW,  max. SLL and No. of SLL versus 

the element spacing 

No. 
of 

SLL 

Max. 
SLL (dBi) 

HPBW 
(horizontal 

Plane) 
degree 

HPBW 
(vertical 
plane) 
degree 

Gain 
(dBi) 

Element 
spacing 

(λ) 

0 -∞ 80 360 2.72 0.1 

0 -∞ 80 52 6.2 0.2 

0 -∞ 80 32 8.32 0.3 

0 -∞ 80 24 9.69 0.4 

0 -∞ 80 20 10.7 0.5 

0 -∞ 80 16 11.2 0.6 

0 -∞ 80 16 12.2 0.7 

2 -3.17 80 12 12.7 0.8 

2 8.23 80 12 11.9 0.9 

0 -∞ 76 8 9.08 1 
 

From this table it is clear that when the spacing 
increases the vertical plane HPBW decreases i.e. the beam 
becomes more directive and the gain increased to 12.7dBi 
at 0.8λ spacing and at 0.9λ the HPBW remained constant 
while the gain decreased because of the appearance of the 
two high level side lobes as depicted in Fig. (4). At one λ 
spacing the array and its radiation pattern converts from 
broadside array to both broadside and end fire arrays 
having almost same gain but different HPBWs as it is 
clear from the Fig. (4) and table (3). To avoid this 
condition the largest spacing between the elements should 
be less than one wave length (�/01. < � ).  

Fig. (5) Shows the gain and space between elements for 
fix number of 10 element. 

 Fig. 5. Gain vs. space at fixed number of 10-element 
 

C.  Optimum Configuration of the Arrays 
Both the number of the elements and the spacing 

between them were varied to see their impact on the same 
radiation characteristics of the  first two parts at the same 
time. The spacing was varied up to 2λ at steps of 0.02λ for 
each number of the elements from 2 to 10 element 
separately. Table (4) tabulates the outputs for the specified 
parameters at the best spacing for maximum gain only. 
 
Table (4): HPBW, gain, max. SLL, no. of SLL  at the max. 

gain (best spacing) at different no. of elements 
 

No. 
of 

SLL 

 
max. 
SLL 
(dBi) 

HPBW 
(horizontal 

plane) 
degree 

HPBW 
(vertical 
plane) 
degree 

 
Gain 
(dBi) 

 
Element 
spacing 

(λ) 

 
No. of 

element 

2 0.73 80 44 7 0.66 2 

2 1.15 80 30 8.81 0.72 3 

2 0.31 80 24 9.88 0.74 4 

2 -2.07 80 20 10.6 0.74 5 

2 -3.31 80 18 11.2 0.75 6 

2 -1.33 80 16 11.7 0.78 7 

2 -3.17 80 14 12.1 0.78 8 

2 -1.68 80 12 12.4 0.8 9 

2 0.13 80 12 12.8 0.82 10 

 
From the above result, it is clear that the maximum gain 

of the different number of elements produced by different 
spaces between them and the level of the side lobe is 
changing from one to another but the number of the side 
lobe remains constan (for all elements has 2 side lobe) and 
the best adiquate gain (12.8 dBi) using binomial current 
excitation for GSM application was 10-element with 0.82λ 
configuration. 

The same results are sumarized in Fig. (6) throught the 
radiation pattern of each array with the specifications of 
Table (4). 
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Fig. 6. Radiation patterns for different number of elements and spacing at maximum gain (best spacing
 
The variation of the gain with the spacing up to 2

Fig. 7. Gain vs. the spacing for different number of elements

For the half wavelength dipole antenna array operating 
at 1.8GHz the radiation characteristics of  both
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Radiation patterns for different number of elements and spacing at maximum gain (best spacing

The variation of the gain with the spacing up to 2λ for different number of array elements is shown in the figure below
 

 
Gain vs. the spacing for different number of elements 

 
half wavelength dipole antenna array operating 

at 1.8GHz the radiation characteristics of  both binomial 
and a uniform array (Ref.3) excitations have been 
compaired. Table (5) tabulates the variation of these 

1 1.5 2 2.5
spacing between the elements in terms of  λ
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Radiation patterns for different number of elements and spacing at maximum gain (best spacing) 

of array elements is shown in the figure below. 

 

and a uniform array (Ref.3) excitations have been 
compaired. Table (5) tabulates the variation of these 

2.5

10-element

9-element

8-element

7-element

6-element

5-element

4-element

3-element

2-element



 

 

 

Copyright © 2016 IJECCE, All right reserved 
154 

International Journal of Electronics Communication and Computer Engineering 
Volume 7, Issue 3, ISSN (Online): 2249–071X 

 

characteristics with the number of the elements having 
0.5λ spacing between them. 

 
Table (5):  Variation of the Gain, HPBW, max. SLL and 

No. of SLL of different excition arrays with the number of 
elements  

Binomial Array Uniform Array (ref.3)  
No. 
0f 

Ele. 
 

No. 
of 

SLL 

SLL 
max. 
(dBi) 

HPBW 
(ver. 

plane) 

Gain 
(dBi) 

No. 
of 

SLL 

SLL 
max. 
(dBi) 

HPBW 
(ver. 

plane) 

Gain 
(dBi) 

0 -∞ 80 2.14 0 -∞ 80 2.14 1 

0 -∞ 60 5.97 0 -∞ 60 5.97 2 

0 -∞ 44 7.41 2 -1.3 36 7.80 3 

0 -∞ 36 8.29 4 -1.97 28 9.2 4 

0 -∞ 32 8.92 6 -1.82 20 10.2 5 

0 -∞ 28 9.42 8 -1.36 16 11.06 6 

0 -∞ 24 9.82 10 -0.89 16 11.74 7 

0 -∞ 24 10.2 12 -0.61 12 12.35 8 

0 -∞ 20 10.4 14 -0.07 12 12.88 9 

0 -∞ 20 10.7 16 0.29 8 13.36 10 

 
From the above table (5) it is clear that for all array with 

different elements the uniform excitations give more gain 
than that of the binomial arrays. Ingeneral uniform array 
gives more directive beam (narrow HPBW) while 
binomial arrays give wider major lobes. 
       At 0.5λ spacing the binomial arrays have not any side 
lobes while the uniform arrays have some number of side 
lobes increasing with the element numbers. The same 
comparison has been made for a 10 element arrays with 
different spacing and the results has been shown in the 
table (6) below.     

 
Table (6) : Comparison between uniform and binomial 10 

element arrays at different spacing  
Binomial Array Uniform Array (ref.3)  

Elements 
spacing 

(λ) 

No. 
of 

SLL 

SLL 
max. 
(dBi) 

HPBW 
(ver. 

plane) 

Gain 
(dBi) 

No. 
of 

SLL 

SLL 
max. 
(dBi) 

HPBW 
(ver. 

plane) 

Gain 
(dBi) 

0 -∞ 0 2.72 2 -17.5 54 6.56 0.1 

0 -∞ 52 6.21 4 -3.33 24 9.48 0.2 

0 -∞ 32 8.32 8 -1.9 18 11.21 0.3 

0 -∞ 24 9.69 12 -0.52 12 12.43 0.4 

0 -∞ 20 10.7 16 0.29 8 13.36 0.5 

0 -∞ 16 11.2 20 1.14 8 14.11 0.6 

0 -∞ 16 12.2 24 1.74 8 14.71 0.7 

2 -3.17 12 12.7 28 2.19 4 15.17 0.8 

2 8.23 12 11.9 32 2.26 4 15.34 0.9 

0 -∞ 10 9.08 32 -1.77 4 11.43 1 

 
At 1.8GHz operating frequency it is clear that the 

optimum separation for uniform excitations is 0.9λ which 
gives the best gain with 32 side lobes, but for binomial 
array it was 0.8λ with only 2 lobes. 

The same comparison has been made for different 
number of elements arrays with different spacing and the 
results has been shown in the table (7) below. 

 
Table (7) : Comparison between uniform and binomial 
arrays at different number of elements and best spacing 

Binomial Array Uniform Array (ref.3) 
No. 
of 

Ele. 
No. 
of 

SLL 

SLL 
max. 
(dBi) 

HPBW 
(ver. 

plane) 

Gain 
(dBi) 

 
Elements 
spacing 

(λ) 

No. 
of 

SLL 

SLL 
max. 
(dBi) 

HPBW 
(ver. 

plane) 

Gain 
(dBi) 

 
Elements 
spacing 

(λ) 

2 0.73 44 7 0.66 2 0.73 44 7 0.66 2 

2 1.15 30 8.81 0.72 6 0.11 24 9.35 0.75 3 

2 0.31 24 9.88 0.74 10 -0.61 16 10.9 0.8 4 

2 -2.07 20 10.6 0.74 14 -0.22 12 12 0.82 5 

2 -3.31 18 11.2 0.75 18 0.33 10 13 0.86 6 

2 -1.33 16 11.7 0.78 22 0.87 8 13.8 0.88 7 

2 -3.17 14 12.1 0.78 26 2.93 8 14.4 0.9 8 

2 -1.68 12 12.4 0.8 30 1.82 6 14.9 0.9 9 

2 0.13 12 12.8 0.82 34 4.19 4 15.4 0.92 10 

 
From the last row of the above table (10-elements) the 

maximum gain (12.8dBi) at 0.82 λ spacing of the binomial 
array corresponds to 15.4dBi gain with 0.92 λ spacing for 
the uniform array with 34 side lobes relative to only 2 side 
lobes for binomial array. This means that for the same 
power the binomial array directs more power to the 
desired direction than the corresponding uniform array. 
For both the arrays the HPBW decreases with the number 
of the elements and the beam directivity varies better for 
uniform than binomial arrays. Almost the highest gain of 
binomial array (12.8dBi) by 10 elements can be achieved 
by only 6 elements for uniform array but still with 7 times 
of side lobes. 

 
IV. CONCLUSIONS 

 
1- The optimum separation between the elements of the 

proposed array to get the best radiation properties is 
0.82λ and 0.92λ for binomial and uniform arrays 
respectively which yields a shorter length for 
binomial array.  

2- Binomial arrays have very low side lobe levels 
compared with uniform excitation arrays because the 
excitation coefficients in binomial arrays are very 
large especially in long arrays which cause a great 
different in level between major lobe and side lobe in 
radiation properties.  

3- From table 7 and for the same configurations the 
number of side lobes is invariant with the element 
numbers while for uniform array it will increase. 

4- The uniform array has a more directive beam while 
the binomial array has a more power in a desired 
direction. 
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