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Abstract— Two methods for side lobe reduction in linear arrays 

are proposed. In the first method the side lobes are reduced by 

inserting different antenna elements (larger beamwidths in the 

center and narrower beamwidths in the edge), while all elements 

are equally illuminated. In the second method the distances 

between edge elements are larger than the distances in the center 

elements. 

Index Terms—Antenna arrays, aperture illumination, sidelobe 

reduction 

I. INTRODUCTION  

      Sidelobe level reduction is needed in many wireless and 
radio systems, especially in radar systems. Generally, the 

sidelobe reduction is implemented by tapering the aperture, i.e. 

applying high power levels in the middle antenna elements and 

low power levels in the periphery elements. The physical 

implementation requires more complicated feeding network 

than in equally illuminated arrays.  

      Sidelobe reduction by setting non-uniform distances 

between elements is known and is generally performed by 

optimizations [1-3], however, when the distance between 

elements is increased from the center of the array towards the 

edges of the array the sidelobe level is reduced.  

       In this work we show in section II that one can reduce 

sidelobe level by inserting different antenna elements with 

higher directivity elements in the periphery and lower 

directivity elements in the center of the array while feeding 

elements with equal voltage (or power). In section III we show 

an example of 5 element array with different spacing that also 

reduces the sidelobe level significantly.  

II. DIFFERENT BEAMWIDTHS 

     We show an example of a 4-element linear array. Fig. 1 
shows a theoretical pattern of the array with omni elements for 

which the electric field component behaves as   cos
 q
 (θ)    for z 

> 0, with a distance 0.6 λ between the elements. q1 is for the 

center elements, and q2 is for the side elements. It can be seen 
that the first side lobe was reduced from -12 dB (q1=2, q1 =1) 
to -14 dB (q1=q2=1.5) and even to -16 dB (q1=1, q2=2) at no 

cost in the main beam. 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. 4 element linear array made of omni-directional 

elements and calculated radiation patterns of the array 

 

    This idea was further realized by the CST-Microwave 

Studio software for microstrip arrays. Two cases were 

compared as shown in Fig. 2. The parameters of the narrow 

element are length = 57 mm, width = 20 mm, height = 11 mm, 

feed point location = 0 mm and directivity = 7.2 dBi. The 

parameters of the wide element are length = 47 mm, width = 

55 mm, height = 8 mm, feed point location = 5 mm and 

directivity = 7.9 dBi. The directivity of array (a) is 15.4 dBi  

with  first  sidelobe  of -14.9 dB and the directivity of array (b) 

is 14.7 dBi with first sidelobe of -12.2 dB both at 2.65 GHz. 

The distance between the elements in both cases is 0.6λ and a 

feeding is uniform. 
 



 

 

 

 

 

 

 
Fig. 2. Microstrip array with 4 different elements. (a) Low gain 

elements in the middle. (b) High gain elements in the middle 

 

III. DIFFERENT DISTANCES BETWEEN ELEMENTS 

      

    In the following example we deal with a linear H-plane 5 

elements array based on the two-arms elements suggested by 

[4], and set un-equal elements and non-uniform distances 

between elements in order to reduce the sidelobe level. The 

simulated array picture is shown in Fig. 3. 

 

 
Fig. 3. An 5 H-plane coupled linear array based on the two-arm 

element, with un-equal elements and un-equal distances between 
elements 

 

 

 

 

 

      The geometry of the elements is shown in Fig. 4. The size 

of the arms are L x W, the size of the horizontal strips are Ls x 

Ws, the distance between the end of the arms and the feed point 

is ∆f, the distance between the edge of the strip and the vertical 

wire point is ∆s, the radius of the vertical wires is r and their 

height is h1, where h0 is the height of the SMA connector. The 
thickness of the arms and the strip is 0.5 mm. The geometry of 

the array is given in Fig. 5.  

 

  

 

 

 

 

 

Fig.4 The 2-arm element: left – upper view, right – side view 

 

 

 

Fig.5. Geometry of 5 element array 

 

      Elements 2 and 4 are identical, and similarly elements 3 

and 5 are identical. The distance between elements 1 and 2 is 

d1, the distance between elements 2 and 3 is d2, the distance 

between elements 1 and 4 is d1, and the distance between 

elements 4 and 5 is d2. In this case d1 = 0.68λ and d2 = 0.94λ.. 

The geometrical sizes of the different elements are shown in 

Table 1 and the performance of these antennas at 2.4 GHz are 

presented in Table 2. 

      The mutual coupling maximal levels are: S21 = -19 dB and 

S23 = -25 dB. The H-plane radiation pattern is shown in Fig. 6 
It is shown that the sidelobe level is -17 dB and the directivity 

is 16.9 dBi. The E-plane radiation pattern is shown in Fig, 7. It 

is shown that the E-plane squint is negligible. 

 

IV. CONCLUSION 

        The concepts of sidelobe reduction in arrays, by using 

elements with different directivities but equally fed, or by 

using different distances between elements, also with equal 

illumination, can be most useful in wireless links with medium 

antennas gain. Typical sidelobe level of -17 dB to -20 dB can 

be achieved in comparison to sidelobe level of -12 dB to -14 

dB without reduction. 

 

 

 



 

 

El # L (mm) W(mm) Ls(mm) Ws(mm) ∆s(mm) 

1 45.6 9 55 4 1 

2 46.0 10 60 4 2 

3 41.6 11.7 75 4.5 4.9 

 

 

 

El # ∆f(mm) ho(mm) h1(mm) R(mm) 

1 0 9 4 1 

2 2.1 8.4 5 1 

3 1.9 7.2 6.95 0.95 

 

Table 1   Geometrical parameters of the antenna elements 
 

 
Fig. 6  H-plane Radiation pattern for 5 element array with different 

distances and equal illumination 
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El # fmin VSWR=2 fmax VSWR=2 

1     2.29 GHz 2.48 GHz 

2 2.29 GHz 2.49 GHz 

3 2.28 GHz 2.47 GHz 

 

 

El # H-plane 

beamwidth 

E-plane 

beamwidth 

Gain 

1 77.8° 52.8° 9.1 dBi 

2 68.1° 53.5° 9.7 dBi 

3 50.1° 56.6° 10.8 dBi 

 

        Table 2   Performance of the antenna elements 
 

 
Fig. 7  E-plane Radiation pattern for 5 element array with different 

distances and equal illumination 

 

  

 

 

 


