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Abstract— This paper presents a mushroom shaped antenna array of rectangular topology which is designed to operate in Ku band. 

The antenna has been designed with 7 patches and rest of the patch potion is subtracted to obtain the required design. The operating 

frequency of the antenna array is 14.5 GHz. The designed patch antenna array is simulated on Rogers RT/duroid5880 substrate with 

dielectric constant of 2.2.The following paper shows steps for designing patch antenna array in Ku band and simulating the same.. The 

design is analysed by HFSS 15.0 by which s parameter, 3D polar plot, directivity, VSWR and gain of the antenna are computed. The 

results which are simulated by software show that the designed antenna provides better outputs in terms of gain, s parameter, and VSWR. 
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I. INTRODUCTION 

Now a days the need of huge big antennas are decreasing 

as they are difficult to handle and also acquire a large space. 

People want a system that is compatible to them and can 

solve their problem. Nobody wants such a big setup of each 

and every thing as that can be constructed in much smaller 

size that works more efficiently and has good performance. 

Everyone wants much smaller electronic devices that can be 

carried easily which is directly impacting the size of 

antennas. Due to advancement in technologies the 

communication devices are becoming small which in turn 

increases the need of highly selected antennas for specific 

functionality.  Micro strip antennas are widely used for 

communication devices, in satellites, in biomedical etc. As 

this paper consists of patch antennas, so patch is a low profile 

that can generally mounted on another surface. Patch can be 

planar rectangular, triangular or of any other shape which in 

general mounted on the ground plane. Rectangular patch is 

mostly used among the all available designs. Different 

parameters like material of substrate, feeding techniques, 

dimensions of antenna, medium in which antenna is placed, 

are responsible for the performance of micro strip antenna. 

Frequency also plays a major role in behavior of antenna as if 

we change frequency the behavior and output of antenna will 

also change accordingly. The substrate which is mainly used 

rogers RT/duroid5880 with ϵr=2.2. the HFSS software which 

is full wave electromagnetic field simulator and have high 

performance ability. This software also used to analyze 3D 

pattern for behavior of antenna. This software design, 

analyzes, validate, and simulate the required antenna in 

accurate way and it is also easy to learn things on this. 

 

 

II. BACKGROUND 

A.  S parameter 

How energy can propagate through an electric field is 

being described by the S parameter. These are complex 

numbers that have magnitude and phase part. S parameters 

are used to show reflection or transmission characteristics of 

the antenna in the frequency domain. 

B.  Gain 

In general antenna gain is the ability of the antenna to 

radiate power in specific direction or to absorb power coming 

from a specific direction. 

C.  Radiation pattern 

Radiation pattern shows the energy radiated or distributed 

by the antenna in different directions. The diagrammatical 

representation of the distribution of the radiated energy into 

the space as a function of direction is called radiation pattern. 

D.  VSWR 

Voltage Standing Wave Ratio (VSWR) measures the 

efficiency of RF power which is been transmitted by power 

source to the load and through the transmission line. 

E.  Directivity 

It measures the degree of concentration ability of the 

emitted radiation in a single direction. 

III. ANTENNA ARRAY 

In modern days, an important role is being played by these 

antenna arrays in communication systems. Due to the low 

profile, less expensive, being easy in integration and 

fabrication, low power handling capacity and light weight of 

micro strip antennas, these are widely used in wireless 

communication systems. In order to obtain required gain and 



      ISSN (Online) 2394-6849 

International Journal of Engineering Research in Electronics and Communication Engineering 

(IJERECE) 

 Vol 9, Issue 6, June 2022 

12 

bandwidth these antenna arrays can be designed in any shape. 

Traditionally these patch antenna arrays are used in military 

radar applications. 

Major advantages of antenna arrays are as follows: 

Overall gain is increased 

It cancels out the interference from a particular direction. 

Improved radiation pattern and plot. 

IV. DESIGN OF PROPOSED ANTENNA 

In this paper mushroom shaped rectangular micro strip 

patch antenna array is designed at 14.5 GHz frequency ( Ku 

band ) and is being simulated in HFSS 15.0. 

 

Fig 1 : Detailed image of proposed antenna 

 

Fig 2 : Original image of antenna 

Fig 1 represents the detailed image of the proposed micro 

strip patch antenna array and fig 2 is the original image of 

antenna array.In this technique I have used probe feeding. 

 

Fig 3 : Setup image of antenna 

 

Fig 4 : Sweep image of the antenna 

Table : Design parameters and considerations 

Design parameter Value 

Operating frequency 14.5GHz 

Dielectric constant 2.2 

l 6.9mm 

w 5.6mm 

lg 32mm 

wg 20mm 

s 0.3mm 

g 0.7mm 

Height of substrate 1.5mm 

d 0.8mm 

V. RESULT SIMULATION USING HFSS 15.0 

A. S parameter 

 

Fig 5 : s parameter of antenna array 

The above figure shows this design has a value of -9.873db 

at 14.5 Ghz. 

 

 

 

 



      ISSN (Online) 2394-6849 

International Journal of Engineering Research in Electronics and Communication Engineering 

(IJERECE) 

 Vol 9, Issue 6, June 2022 

13 

B. Radiation pattern 

 

Fig 6 : Radiation pattern of antenna array 

C. 3 D polar plot 

 

Fig 7 : 3 D polar plot of antenna array 

D. VSWR 

 

Fig 8 : VSWR curve of antenna array 

The above curve shows value of 5.79db at 14.49 GHz. 

 

 

 

 

 

 

 

 

E. Directivity 

 

Fig 9 : Directivity curve of antenna array 

F. E field pattern 

 

Fig 10 : E field pattern of antenna array 

VI. CONCLUSION 

This design of antenna array is proposed to improve gain 

and other parameters. Mushroom shaped patch antenna array 

design which is simulated on HFSS 15.0 is being explained in 

this paper. This design has a value of return loss as -9.873db 

at 14.5 Ghz, also gain and other parameters are improved. 

This paper concentrates on more improved gain and VSWR 

and then manufacture of this proposed design of antenna 

array. 
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