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Abstract— Horn antenna is an aperture structure that is 

simply constructed and commonly applied at microwave 

frequencies range. It provides higher gain and directivity with 

less side lobes due to its proper impedance matching, which 

improves the antenna efficiency over the selected bandwidth. 

This paper concerns with designing two types of horn antenna 

called pyramidal and conical antennas, and investigates their 

performance in terms of measuring the fundamental 

parameters such as gain, directivity, voltage standing wave 

ratio (VSWR), return loss or S1-paramenter at particular 

range of frequencies between 8GHz and 12 GHz with specified 

dimensions for both antennas introduced at simulation part. 

Simulation is conducted using CST microwave studio.  

Keywords— Pyramidal antenna; conical antenna; radiation 

power pattern; gain; directivity; VSWR; return loss and CST 

simulation.  

I. INTRODUCTION  

Antennas are generally defined as a way of transmitting or 

receiving the radio waves. They are the transitional 

mechanism between the vacuum and the guided devices. 

The guided devices may be considered as transmission line 
(e.g. coaxial cable) or waveguide geometry which is used to 

transfer the energy of electromagnetic from the transmitted 

source to the antenna [1].  

Antennas have an essential property named reciprocity 

meant that identical specifications and characteristics will be 

remained whether it is used as a transmitter or receiver. 

Antennas have various parameters that evaluated their 

performance and quality for use, radiation pattern is one of 

the properties that introduce the graphical representation of 

the radiated power in a particular direction. This is the 

fundamental factor of determining the gain and calculates 
the directivity accordingly. Also bandwidth, input 

impedance, effective area and polarization that must be 

taken as a priority for designing any antenna [1].  
Aperture antennas are more common for today's 

applications due to the increasing demands for developed 
geometry of antennas and higher frequency utilization. For 
this paper the attention will be shifted to consider one of the 
aperture antenna named horn antenna. Horn antennas 
operate at UHF and microwave frequencies. They have 
directional pattern radiation resulting in obtaining higher 
gain and directivity. Horn antennas have an input impedance 
which change slowly over the frequency range of interest. 

This in turn results in implying low values of voltage 
standing wave ratio (VSWR) and S11. The common 
bandwidth used to design horn antennas is on order of 20:1 
meaning operating between 1 GHz and 20 GHz [2]. 

A.  Antenna Parameters  

To design the antenna means to represent its physical 

appearance such as geometry, weight, dimensions or 
operating frequency. Afterward, to describe the antenna 

performance, it is useful to define the following parameters. 

  

 1 Radiation Pattern  
It defines the power variation transmitted by the antenna 

as a function of direction to visualize the directional 
radiation od the antenna. The radiation pattern can be 
omnidirectional meaning the radiated power is the same for 
all directions. the omnidirectional antenna can include the 
dipole antenna and slot antenna. Another antennas category 
is called directional that do not have a symmetric radiation 
pattern. Horn antenna is a common example of directional 
antennas where the peak power of radiation patter is located 
in a certain direction. Figure 1 shows the logarithmic power 
pattern scale for the antenna [2]. 

 Radiation patterns are conveniently represented in 
spherical coordinates as in the following equation . 

 

Figure 1 Logarithmic power pattern scale [2] 
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 2 Antenna Gain  
It describes the maximum amount of the radiated power in 

the wanted direction. It is a ratio of peak radiated power to 

that of isotropic. Gain is more commonly considered than 

directivity to specify antenna because it does not only 

consider the peak pattern but also the losses [1]. 

For example, if a transmitting antenna with 3dB gain, means 

the power delivered away from the antenna can be 3dB 

larger than what could be received for isotropic antenna 
with identical input power [2].  

Directivity is another essential factor that measures how 

well the directional property of the antenna is, for instance, 

the antenna with isotropic radiation has zero directionality. 

This result in directivity equals to 1 (0dB). If F(Ѳ, φ) is a 

function expresses the normalized radiation pattern, so that 

the directivity can be expressed as 

 
In case of horn antenna, the directivity is ranged between 10 

and 20 dB. Therefore, it is crucial to consider the directivity 

in selecting the best antenna; for example, for transmitting 

or receiving power form far different of directions, an 

antenna with less directivity need to be designed, whereas 

for targeted power transfer or remote sensing, antenna with 

higher directivity is needed to increase the power transfer 

and minimize the power form undesired directions [1]. 
  

3 Antenna Efficiency  

It is a ratio of power delivered to the antenna to that 
transmitted form the antenna. A higher efficiency is 

introduced when most of the energy at antenna input 

radiated far, however, low efficiency presents when the 

power is observed as loss due to mismatching of input 

impedance [1].  

4 Antenna Bandwidth  

It is a fundamental factor that describes the band of 

frequencies in which the antenna can works properly for 

transmitting and receiving power. In this paper the selected 

antenna works at UHF and microwave frequencies [1].  

5 Input Impedance  
A perfect conveying of radiated power occurs when the 

input impedance of the transmission line and antenna is the 

same, if not power will be reflected and efficiency will be 

less. This will provide less gain [1].  

 

6 Voltage Standing Wave Ratio (VSWR)  

It is a function of reflection coefficient that represents the 

reflected power from the antenna. 

 

 
 

ρ is the reflection coefficient which is also called S11 or 

return loss. An antenna matches perfectly if VSWR small, 

this mean there is no power reflected by the antenna, 

VSWR=1. S-Parameter represents the input-output 

terminals, for S11 meaning that it could be reflected power 

form port 1 is trying to deliver to antenna 1 [1].  

 

7 Polarization  

It is expressed as the characteristic of electromagnetic wave 

to describe time varying direction and amplitude of the 
electric field. It is a direction of electric field for 

electromagnetic wave which is defined by the physical 

geometry of the antenna [1]. 

 

II. HOREN ANRENNA 

Horn antennas are straightforward and commonly utilized 

microwave element due to its simplicity to manufacture. It 

is mainly deemed as the interface or matched impedance 

between the feeder of the waveguide and air that has 

characteristic impedance equals to 120 ohm with flaring 

out at the end of the waveguide. Waveguides are a 

structure used to transport electromagnetic wave. Its 
geometry is designed to have dielectric material or hollow 

covered by perfectly conducting materials that has 

conductivity goes to infinity in order for the power to be 

totally reflected. Waveguides supports different types of 

either TE or TM modes but never support TEM modes. 

They act as a high pass filter meaning waveguides can 

propagate the signal with operating frequency is greater 

than the cutoff frequency [3]. The formula of the cutoff 

frequency is expressed as 

 
 Where is the speed of wave in any medium, m and n are 

mode order and a and b the physical dimensions of 

waveguide. Back to horn antenna, it has many advantages 

such as it assists in eliminating the transmitted signal to 

travel over the undesired modes in waveguides. It also 

supports a considerable level of gain and therefore 
directivity. Horn antenna supplies a significant performance 

over a vast domain band [4].  

 

A Types of Horn Antennas  
There are several kinds of horn antennas; however, pyramidal and 
conical horn antennas are the most common structures that are 

practically used.  
 

 1 Pyramidal Horn Antenna  
It is the preferable geometry because it provides similar 

radiation pattern in electric E- plane and H- plane 
supporting better gain and directivity. Because of this, 
pyramidal horn antenna becomes one of the suitable 
elements in communication systems and measurements. It 
can sufficiently expand the operating bandwidth and 
ameliorate the matching case of impedance between 
waveguide and vacuum. If the waveguide flare both of its E-
plane and H-plane, this is named a pyramidal horn antenna 
as shown in figure 2 [4].   

For pyramidal horn antenna, the gain and directivity can be 
expressed as follows. 
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Where is the efficiency of the aperture and A is the area of the 
aperture, while the directivity is expressed by 

 

Figure 2 Standard pyramidal horn antenna[3] 

 

 
 
Where DE and DH are the E-plane and H-plane directivities. 
Figures 3 and 4 shows E-plane and H-plane of pyramidal horn 

antennas with dimensions are presented in the figures, these 
dimensions need to be identified in the simulation to calculated the 
gain and directivity [5]. 
 

 

Figure 3 E-plane pyramidal horn antenna[5] 

 

Figure 4 H-plane pyramidal horn antenna [5] 

2 Conical Horn Antenna  
This type of antenna is fed by cylindrical and conical 
aperture. To determine the modes exhibits through the 
structure, Bessel function is used as a function of diameter 
and wavelength. The characteristics of the power radiation 
can be determined by the dimensions as a function of 
wavelength. Moreover, transverse electric TE11 is 
considered as the dominant mode in cylindrical waveguide. 
This is therefore could be with smallest power transmitted to 
have transverse pattern. In case of the diameter, it should be 
as small as possible to obtain better efficiency of the aperture 
and small phase parameter resulting in decreasing the size. 
For larger flare angle, higher modes order can be excited in 
the structure at aperture and waveguide junction. To design 
this structure, it is essential to identify the operating 
frequency, radius of the aperture, and axial horn length. 
Figure 5 shows the conical antenna view [6]. 

 
Figure 5 Conical horn antenna [6] 

 
The following formula is used to calculate the gain of the conical 
horn antenna 

 
 
where A is the aperture area. 
 

B Design and Implementation  
The design is carried out using CST Microwave Studio, which is a 
high performance simulation used to simulate the antenna to 
display the results and figures of the fundamental parameters used 
to measure and evaluate such as, gain, directivity, return loss, 
radiation pattern and S11 parameter. In this paper, pyramidal and 

conical antennas are designed and simulated and results are 
compared in terms of achieving better gain and directivity with low 
return loss and suitable VSWR.  
 

1 Simulation of Pyramidal Horn Antenna  

For pyramidal horn antenna, the following values are 

selected: minimum and maximum frequency is set to 8 GHz 

and 12 GHz respectively. The waveguide dimensions are 

22.86mm and 10.16 for height and width respectively. The 

length is set to be 25.4mm, while the horn's dimensions are 
set to 45.72mm for height and 35.56mm for width. The 

thickness of the structure is 0.2mm, and the angle of flare is 

76.2.  

The simulation is run using different frequencies in the 

specified range. For this paper the frequency is selected at 

8GHz, 10GHz and 12GHz. parameters such as gain, 

directivity, VSWR and S-parameter are displayed for each 

frequency. As it can be seen from the table1 the gain and 
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directivity are mostly similar due to the efficiency of the 

antenna is close to 1 and in put impedance changes slowly 

over the specified frequency range. 

 
TABLE 1 DIFFERENT FREQUENCIES FOR ANTENNA 

CHARACTERISTICS. 

 
This structure results in having less side lobe levels and less 
amount of return to loss with acceptable value of VSWR. It 
is also noticed that an increase in the frequency will increase 
gain and directivity but may affect in increasing return loss 
or side lobe levels. The following figures represent the gain, 
directivity and VSWR and return loss at frequency> 

 

 
Figure 6 Directivity for 10GHz 

 
Figure 7 Far field directivity, angular width, and side lobes 

 
Figure 8 VSWR at 10GHz 

As represented in figure 8, the VSWR has a value > 1.136 
which is suitable for this structure and can be used to 
calculate the reflection coefficient. 

 

 
Figure 9 S 11 -parameter 

2 Simulation of Conical Horn Antenna  
For this design, the frequency is selected as in previous 
simulation from 8-12 GHz. E-field, H-field and far field are 
labeled. For this structure, cylindrical form is selected. 
Conical horn antenna requires determining two radiuses, one 
for cylindrical waveguide which is set to 1.5cm and the 
other for conical horn which is set to 5 cm. 

TABLE 2 PARAMETERS COMPARISON OF CONICAL HORN 
ANTENNA 

 

The results in table 2 show that more improvement in 
directivity and gain than that for pyramidal one. The 
graphical representation is shown in the following figures at 
frequency 10GHz. 

 

 
Figure 10 Directivity of conical horn antenna at f=10GHz 

The gain and directivity for conical horn antenna is 

identically the same which is equal to 19.1 dB.  
This design considers the electric field and magnetic field 
values to determine the input impedance that must be 
matched for this structure to achieve more power transferred 
to the desired destination and introduce less attenuation 
because horn antenna is known for having less loss and 
higher gain and directivity. 
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Figure 11 Gain for conical horn antenna 

According to the results shown in figures 12 and 13, the 
electric field has a value of 1.273kv/m and magnitude of 
magnetic field is 2.67A/m. Figure 12 shows the variation of 
VSWR over the frequency range from 8GHz to 12GHz 
which is equal to >1.072 which is less than that for 
pyramidal horn antenna. Figure 14 represents the far field 
pattern radiation, main lobe magnitude, angular width and 
side lobe level 

 
Figure 12 VSWR 

 

 
Figure 13 S-Parameter for conical horn antenna. 

 
Figure 14 Far field pattern radiation 

 

III. DISCUSSION AND CONCLUSION 

This paper illustrates the design and optimization of horn 
antenna for both types pyramidal and horn antennas. Most 

of antenna parameters are optimized carefully which 

provides a considerable performance of achieving higher 

gain and directivity with lower value of VSWR and return 

loss. The simulation is conducted using advanced software 

called CST microwave studio which supports various 

function and tools to design antenna as a part of it. This 

design is performed over the frequency range from 8 to 12 

GHz. Both antennas are test at frequencies 8 , 10, and 

12GHz. For pyramidal horn antenna, the directivity increase 

as frequency increases as shown in table 1, which results in 

16.1, 18.2, and 18.8 with power pattren improved and equals 
to 4.99dBw/m2 , 7.05 dBw/m2 and 7.16 dBw/ m2 

respectively In case of conical horn antenna, the design is 

carried out by selecting radius of cylindrical waveguide is 

equal to 1.5 cm and radius for conical horn aperture is equal 

to5 cm and tested at the same frequencies used for 

pyramidal horn antenna. The performance shows significant 

improvement in antenna parameters such as directivity, 

gain, power pattern, side lobes and VSWR> 1.072 as 

represented in table 2  

For further study, it is recommended that there is possibility 

for fabricating and miniaturizing the physical dimensions of 

the antenna to work at shorter wavelength to achieve better 

performance for antenna parameters. 
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