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Please note that a commercially released software is a living “thing” and so at every 

release (major or point release) new methods, new functions are added along with 

improvement to existing methods. This document is written using the Altair Feko 

2018.  

Any feedback helping to improve the quality of this book would be very much 

appreciated. 

Thank you very much. 

 

Dr. Matthias Goelke 

On behalf of the Altair University Team 

 

 

Disclaimer: Every effort has been made to keep the book free from technical as well as other mistakes. However, 
publishers and authors will not be responsible for loss, damage in any form and consequences arising directly or 
indirectly from the use of this book.  © 2019 Altair Engineering, Inc. All rights reserved. No part of this publication 
may be reproduced, transmitted, transcribed, or translated to another language without the written permission of 
Altair Engineering, Inc. To obtain this permission, write to the attention Altair Engineering legal department at:  1820 
E. Big Beaver, Troy, Michigan, USA, or call +1-248-614-2400. 



 

4 
 

Table of Contents 

Acknowledgement ............................................................................................... 2 

About this Book ................................................................................................... 3 

Chapter 1: Introduction ........................................................................................ 7 

Components and Workflow in Feko .............................................................. 10 

Chapter 2: Antenna Design ................................................................................. 13 

Types of Antennas ......................................................................................... 14 

2.1: Dipole Antennas ...................................................................................... 16 

Tutorial: Simulation of Half-wave Dipole Antenna ........................................ 18 

2.2 Monopole Antennas ................................................................................ 24 

Tutorial: Monopole creation .......................................................................... 26 

2.3 Loop Antennas ......................................................................................... 33 

Tutorial: Loop Antenna design ....................................................................... 36 

2.4 Microstrip Patch Antennas ...................................................................... 41 

Tutorial: Pin-Fed Microstrip Patch Antenna .................................................. 45 

Tutorial: Edge-Fed, Planar Multilayer Substrate Model ................................ 50 

2.5 Helical Antennas ...................................................................................... 55 

Tutorial: The Normal Mode Helix .................................................................. 59 

2.6 Yagi Uda Antenna ..................................................................................... 64 

Tutorial: Yagi-Uda Antenna Above a Real Ground ......................................... 67 

2.7 Log Periodic Antenna ............................................................................... 72 

Tutorial: Log Periodic Dipole Array (LDPA) .................................................... 75 

2.8 Horn Antennas ......................................................................................... 81 

Tutorial: Horn Antenna with Waveguide feed ............................................... 84 



 

5 
 

2.9 Reflector Antennas .................................................................................. 92 

Tutorial: Horn fed Parabolic Reflector ........................................................... 96 

Chapter 3: Antenna Arrays ............................................................................... 104 

Tutorial: Finite Antenna Array with Non-Linear Spacing ............................. 107 

Chapter 4: Antenna Placement ......................................................................... 116 

Tutorial: Antenna Design in Free space ....................................................... 117 

Chapter 5: EMI/EMC ........................................................................................ 136 

Tutorial: Calculating Field Coupling into a Shielded Cable .......................... 138 

Chapter 6: Radar Cross Section (RCS) ................................................................ 150 

6.1: Monostatic and Bistatic Radar Cross Section ....................................... 152 

Tutorial: RCS and Near Field of a Dielectric Sphere ..................................... 153 

Chapter 7: Waveguides and RF Circuits ............................................................. 160 

7.1 Waveguides ............................................................................................ 160 

7.2: S-Parameter Coupling in a Stepped Waveguide Section ...................... 164 

Tutorial: S-Parameter Coupling in a Stepped Waveguide Section (MoM) .. 165 

Tutorial: S-Parameter Coupling in a Stepped Waveguide Section (FEM) .... 170 

Chapter 8: Radomes ......................................................................................... 174 

8.1: Radome Types ....................................................................................... 175 

8.2: Factors Affecting Radome ..................................................................... 176 

Tutorial: Transmission Loss analysis in a Radome wall ................................ 178 

8.3: Specialty Radomes ................................................................................ 182 

Tutorial: Periodic Boundary Conditions for FSS Characterization ............... 184 

Appendix A: Launching Feko ............................................................................. 192 

How to launch CADFEKO (Windows)? ......................................................... 192 

How to launch CADFEKO (Linux)? ................................................................ 192 

Appendix B: CADFEKO GUI ............................................................................... 194 

User Interface Layout ................................................................................... 195 



 

6 
 

Appendix C: POSTFEKO GUI .............................................................................. 204 

Launching POSTFEKO ................................................................................... 204 

User Interface Layout ................................................................................... 204 

 

  



 

7 
 

Chapter 1: Introduction 

It is impossible to imagine life today without the seemingly miraculous devices that 

are created by the applications of the branch of Physics we call Electromagnetism. 

Even until the early 18th century, electricity and magnetism were considered as two 

different phenomena. However, in 1820 Hans Christian Oersted announced that 

electric currents produce magnetic effects. His findings combined with that of 

Faraday’s discovery that a changing magnetic field produces an electric current, 

formed the basis of Maxwell’s theory of Electromagnetics. Hence, in the late 18th 

century, James Maxwell deduced that electric and magnetic forces were inter-

dependent on each other. Maxwell’s theory suggested that fluctuating electric and 

magnetic fields create the electromagnetic radiation. The electromagnetic theory is 

based on a set of four equations from Gauss’ law of electric fields and magnetism, 

Faraday’s law and Ampere’s law. 

The first antennas were built in 1888 by German physicist Heinrich Hertz in his 

pioneering experiments to prove the existence of electromagnetic waves predicted 

by the theory of James Clerk Maxwell. It is known that antennas are the key 

components of any wireless communication system. Antennas are devices that allow 

the transfer of signals. They can convert a voltage signal into electromagnetic waves 

and vice versa. The transmitting and receiving functionalities of the antenna are 

characterized by Maxwell’s equations. Until the late 1970s, antenna design was just 

based on practical approaches. Trial and error methods were used for design and 

installation of antennas. However, due to rapid development and growth in the 

wireless communication industry, computational techniques were introduced for 

creating low cost virtual antenna designs. This innovation made the process of 

designing highly efficient antennas easy and cost effective. 

In a similar way computational techniques (CEM) have revolutionized the design of 

Radomes, Waveguides, microwave circuits and many other electromagnetic 

applications. These computational techniques are nothing but a solution of 

https://en.wikipedia.org/wiki/Heinrich_Hertz
https://en.wikipedia.org/wiki/James_Clerk_Maxwell
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electromagnetic equations on a computer. They provide a numerical solution of 

Maxwell’s equations through approximation of currents and fields.  

Altair Feko™ is a comprehensive computational electromagnetics (CEM) code used 

widely in the telecommunications, bio-electromagnetics, automobile, space and 

defense industries. The name Feko is an abbreviation derived from the German 

phrase “FEldberechnung bei Körpern mitbeliebiger Oberfläche” (field computations 

involving bodies of arbitrary shape). As the name suggests, Feko can be used for 

various types of electromagnetic field analyses involving objects of arbitrary shapes. 

Feko comprises of distinguished multiple frequency and time domain EM solvers. 

Hybridization of these methods enables the efficient analysis of a broad range of EM 

problems, including antennas, microstrip circuits, RF components and biomedical 

systems, the placement of antennas on electrically large structures, radar cross 

section (RCS), electromagnetic pulses (EMP), lightning effects, high intensity radiated 

fields (HIRF) and radiation hazard, the calculation of scattering as well as the root 

cause analysis of electromagnetic compatibility (EMC). and electromagnetic 

compatibility (EMC). 

 

 

 

Feko also offers tools that are tailored to solve more challenging EM interactions, 

including dedicated solvers for characteristic mode analysis (CMA) and bi-directional 

cables coupling. Special formulations are also included for efficient simulation of 

integrated windscreen antennas and antenna arrays. 
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So, what are the formulations that are available in FEKO? The first one is the Method 

of Moments (MOM) for metallic structures in free space, for example, a dipole 

antenna that is excited at its centre and which is radiating in free space. This is the 

fundamental formulation in Feko. Secondly, the Method of Moments (MOM) for finite 

dielectric bodies in free space, for example a patch antenna on a dielectric substrate. 

Feko offers the Multi-level Fast Multipole Method (MLFMM) for reducing 

computational cost of the free space MOM. The Finite Element Method (FEM) is a 

method for inhomogeneous dielectric bodies in free space. 

Lastly there are the high frequency asymptotic methods, like Physical Optics (PO), Ray-

Launching Geometrics (RLGO) and Uniform Theory of Diffraction (UTD), where certain 

high frequency approximations are made for electrically large structures. 

 

Some of the key-capabilities of Feko include hybridization of solvers, solver accuracy, 

optimization capabilities, model and domain decomposition, etc. 
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Components and Workflow in Feko 

The typical workflow when working with the Feko component – CADFEKO, POSTFEKO 

is shown below 

 

 

CADFEKO 

It’s easy to create or modify the geometry (or model mesh) in CADFEKO. You can apply 

solution settings, define the frequency, specify the required sources and request 

calculations. The model can be meshed to obtain a discretised representation of the 

geometry. CEM validate tool to ensures that the model is correct. If any warnings or 

errors are given, you can easily correct the model before running the Feko solver. 

For more details on CADFEKO, watch the following video: 

 

 
 

 

 

  
 

 

 

 model  
 

 g
 

Use CADFEKO Use POSTFEKO 
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https://altairuniversity.com/learning-library/introduction-to-cadfeko/ 

 

Feko Solver 

The specified output requests can be calculated using the Feko solver. 

 

POSTFEKO 

POSTFEKO conveniently allows you to create a new graph or 3D view and add results 

of the requested calculations on it. You can export results from to data files or images 

for reporting or external post-processing. Reports can be created that export all the 

images to a single document or a custom report can be created by configuring a 

report template. 

After viewing the results, it is often required to modify the model again in CADFEKO 

and then repeat the process until the design is complete. 

For more details on POSTFEKO, watch the following video: 

https://altairuniversity.com/learning-library/introduction-to-cadfeko/
https://altairuniversity.com/learning-library/introduction-to-cadfeko/
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https://altairuniversity.com/learning-library/introduction-to-postfeko/

https://altairuniversity.com/learning-library/introduction-to-postfeko/
https://altairuniversity.com/learning-library/introduction-to-postfeko/
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Chapter 2: Antenna Design 

Antennas are an important element of the communication system. The communication 

system has two main components: transmitter and receiver. An antenna is a device used 

to transform current and voltage into electromagnetic waves and vice versa. In other 

words, the antenna is a traditional structure between free space and a guiding device. 

The Maxwell’s equations characterize the transmitting and receiving functionalities of the 

antennas.  

Around 1830 Faraday conducted experiments that showed a relationship between 

electricity and magnetism. Interestingly, the concept of electromagnetic waves had not 

even been thought up at this point. In 1887 the first experimental demonstration of 

wireless communication was carried out by Heinrich Hertz. He designed a transmitter 

dipole antenna and a receiver loop antenna. In 1901, the first experiment for wireless 

communication was carried out over a long distance across the Atlantic by Guglielmo 

Marconi.  

Antennas were designed on practical approaches only until the late 1970s. Simple 

antenna geometries like horns, Yagi-Uda, dipoles, reflectors, etc. were popular. The 

antenna designers could vary parameters based on their requirements. Antenna 

development required extensive testing and experimentation and was, therefore, funded 

primarily by governments. However, there has been a drastic growth in computing speed 

and computational techniques in the recent years, making antenna designing a low-cost 

and efficient process. The growth of wireless communications and use of modern 

computational techniques have been the catalysts for the introduction of new low-cost 

antenna designs. 
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Types of Antennas 

Let us look at a brief introduction to various types of antennas before we get into the 

details of design procedures. 

• Wire antennas 

Wire antennas are the simplest and most basic types of antennas. They are widely 

used due to their simplicity of design. Wire antennas can be visually seen 

everywhere around us like on buildings or automobiles, aircrafts, ships, etc. They 

exist in various shapes such as straight wire antennas like dipoles and monopoles, 

loops of various shapes like rectangular, circular, etc., helix antennas, and so on. 

Dipole antennas are discussed in section 2.1, monopoles in 2.2, loops in 2.3 and 

helices in 2.5 

• Aperture Antennas 

With the increasing demand in the field of antenna engineering, more 

sophisticated antenna designs have come into existence. Aperture antennas are 

used for high frequency applications. There are a lot of geometrical 

configurations of aperture antennas. They can be waveguides or horns whose 

apertures may be rectangular, circular or elliptical in shape. Horn antennas are 

discussed in section 2.8, waveguides in chapter 7. 

• Microstrip Antennas 

Microstrip antenna became famous in the 1970s due to their wide range of uses 

in spaceborne applications. These antennas consist of a substrate with a metallic 

patch. The metallic patch could be of various shapes. It’s easy to fabricate 

microstrip patch antennas using the modern PCB technology. Installation of these 

antennas on aircrafts, satellites, cars is also convenient. Due to their advantages, 

microstrip antennas are one of the most widely used antennas. More details are 

discussed in section 2.4 

 



 

15 
 

• Reflector Antennas 

A very common type of reflector antenna is the parabolic dish antenna. These 

antennas can be easily spotted on top of buildings with large diameters. Reflector 

antennas have high gain properties which helps the signal to transmit over large 

distances. These antennas are discussed in section 2.9 

• Array Antennas 

Certain radiation characteristics are hard to achieve using single element 

antennas. In such cases an aggregate of radiating elements called an array is 

made use of to get the desired results. The desired radiation pattern can be 

achieved my varying the arrangement of the elements. Chapter 3 explains 

antenna arrays in detail. 

Heinrich Hertz, a German physicist, was the first one to demonstrate the existence of 

radio waves using a “dipole antenna”. Let us begin understanding antenna design with 

this important antenna in the next chapter. 
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2.1: Dipole Antennas 

The word Dipole indicates “two poles”. It is also referred to as “doublet”. Dipole antenna 

has two conducting poles and is a balanced antenna because it is bilaterally symmetrical. 

Electromagnetic waves are generated due to flow of current in the poles. 

The length of the total wire, which is being used as a dipole, equals half of the wavelength 

(i.e., l = λ/2). Such an antenna is called as half-wave dipole antenna. This is the most 

widely used antenna because of its advantages. Some of the advantages include its ease 

of design and analysis and cost-effectiveness. It is also known as Hertz antenna. 

For a dipole antenna of length L oriented along the z-axis and centered at z=0 (assuming 

that the wire is a perfect electric conductor), the current flows in the z-direction with 

amplitude which closely follows the following function given by, 

 

𝐴(𝑥, 𝑦, 𝑧) =
𝜇

4𝜋
∫𝐼𝑒(𝑥′, 𝑦′, 𝑧′)

𝑐

𝑒−𝑗𝑘𝑅

𝑅
𝑑𝑙′ 

 

 

∅ 

𝜃 
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Where, 

(𝑥, 𝑦, 𝑧)= the coordinates under observation, 

(𝑥′, 𝑦′, 𝑧′)= coordinates on the source, 

k= wave number, 

𝐼𝑒 = current vector, 

R= distance from any point on the source to the observation point. 

Here, since the wire carries only electric current, the vector potential function A is enough 

to compute the far-field pattern of the antenna. It can be simplified as 

𝐴(𝑥, 𝑦, 𝑧) = �̂�
𝜇𝐼0𝑙

4𝜋𝑟
𝑒−𝑗𝑘𝑟 

For a wire length that is greater than λ/10, the current distribution is sinusoidal in nature. 

The sinusoidal current distribution is given as 

𝐼𝑒(𝑥′ = 0, 𝑦′ = 0, 𝑧′)  = {
�̂�𝐼0 sin [𝑘 (

𝑙

2
− 𝑧′)] , 0 ≤ 𝑧′ ≤ 𝑙/2

�̂�𝐼0 sin [𝑘 (
𝑙

2
+ 𝑧′)] , −𝑙/2 ≤ 𝑧′ ≤ 0

 

 

It is difficult to compute the radiation pattern using this current distribution. Hence 

simulation software like Feko make it easy for the user to compute currents and radiation 

patterns easily without having to struggle with the equations. 
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Tutorial: Simulation of Half-wave Dipole Antenna 

Now, let’s design a dipole antenna and analyze its radiation pattern as well as input 

impedance. The process of simulation of a dipole antenna starts by setting up the problem 

in CADFEKO design environment. Start by defining the variables required to create a 

dipole antenna. 

 

 

For how to launch Feko see Appendix A 

For basics of Feko user interface see Appendix B 

 

Creating the Model 

1. Define the following variables: 

• lambda = 4 (The wavelength in free space.) 

• freq = c0/lambda (The operating frequency.) 

• h = lambda/2 (Length of the dipole.) 

• radius = 2E-3 (Radius of the wire.) 
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2. Create the dipole. 

a) Create a line. 

• Start point: (0, 0, -h/2) 

• End point: (0, 0, h/2) 
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b) Add a wire port (vertex) to the middle of the line. 

 

 

c) Add a voltage source to the port. (1 V, 0°, 50 Ω). 

 

 

3. Set the frequency to freq. 

The model is symmetric about the Z=0 plane. The electric fields are normal to this plane, 

and therefore the symmetry is electrical. 

4. Specify the symmetry about the Z=0 plane as Electric symmetry. 



 

21 
 

Tip: Exploit model symmetries (if it exists) in a large or complex model to reduce 

computational costs. 

 

Defining Calculation Requests 

• Define the calculation requests in CADFEKO. 

• Create a vertical far field request (-180°≤θ≤180°, with ϕ=0°). Sample the far field 

at θ=2° steps. 

 

Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretized 

representation of a geometry model or mesh model used for simulation in the Solver. 

1. Set the Mesh size equal to Standard. 

2. Set the Wire segment radius equal to radius. 

3. Mesh the model. 

 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. 

Before you start the CEM validate tool, ensure the model is meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

3. Address any modelling errors before running the Solver. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 
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Viewing the Results 

For basics of POSTFEKO user interface see Appendix C 

View and post-process the results in POSTFEKO. 

1. View the gain (in dB) of the requested far field pattern using a polar plot. 

a) On the Display tab, in the Axis settings group, click Axis settings, and then 

click the 

Radial tab. Set Maximum dynamic range in dB to 10 dB. 

 

2. View the gain (in dB) of the requested far field pattern using 3D view. 
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3. Review the impedance at a single frequency using one of the following methods: 

• Plot the impedance as a function of frequency on a Cartesian graph or Smith 

chart. 

• View the impedance value in the *.out file. Open the .out file in the output file 

viewer (in POSTFEKO), or in any other text file viewer.  

 

 

Please watch the following video for the design workflow process: 

 

 

https://altairuniversity.com/learning-library/feko-example-video-series-1-how-to-

create-a-dipole-antenna/ 

 

 

 

https://altairuniversity.com/learning-library/feko-example-video-series-1-how-to-create-a-dipole-antenna/
https://altairuniversity.com/learning-library/feko-example-video-series-1-how-to-create-a-dipole-antenna/
https://altairuniversity.com/learning-library/feko-example-video-series-1-how-to-create-a-dipole-antenna/
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2.2 Monopole Antennas 

Monopole antennas come under the class of radio antennas that are rod-shaped straight 

conducting structures. They are mostly mounted over a conductive surface known as the 

ground plane. During his first experiments in the year 1895, Guglielmo Marconi invented 

the monopole antenna. After using the dipole antenna invented by Heinrich Hertz, he 

found out by experiments that if one of the two poles were connected to the ground, the 

antenna could transmit for longer distances. Hence monopole antenna is also often 

known as Marconi antenna. A very common example of monopole antennas are the ones 

mounted on the older cellphones. Figure shows a monopole antenna of length L mounted 

on top of an infinite conducting ground. 

Hence, a monopole antenna is half the length of a dipole and is mounted on top of a 

ground plane. It is known from antenna theory that the radiation pattern of a monopole 

antenna above an infinite perfect electric conducting ground in the upper hemisphere is 

similar to that of a dipole antenna in free space. The presence of the ground plane allows 

the monopole antenna to operate as electrically equivalent to a dipole antenna. The main 

difference between the two antennas is the impedance values.  The impedance of a 

monopole antenna is ½ times that of a full dipole. This is because the monopole antenna 

requires only half the voltage as compared to dipole antenna. 
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The radiation pattern of a monopole antenna is omnidirectional. In common practice 

monopole antennas are used on finite ground planes. The impedance of monopole 

antenna mounted on an infinite ground plane and on a finite ground plane is almost 

similar, but there is a vast difference in the radiation pattern of both the antennas. 

The process of simulating a monopole antenna in Feko is similar to that for a dipole 

antenna, shown in the previous section. Let’s create a monopole antenna on a finite 

ground using Feko. Follow the steps as mentioned below: 
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Tutorial: Monopole creation 

Creating the Model 

1. Define the following variables: 

• freq = 75e6 (The operating frequency.) 

• lambda = c0/freq (The wavelength in free space.) 

• groundRadius = 2 (Radius of the ground plane.) 

• wireRadius = 1e-3 (Radius of the wire.) 

 

 

2. Create the circular ground. 

a) Create an ellipse. 

• Centre point: (0, 0, 0) 

• Radius (U): groundRadius 

• Radius (V): groundRadius 

• Label: ground 
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3. Create the monopole. 

a) Create a line. 

• Start point: (0, 0, 0) 

• End point: (0, 0, lambda/4) 

• Label: monopole 
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4. Union ground and monopole. 

5. Add a wire port (vertex) to the start of the line. 

 

Tip: Use the port preview to ensure the port is located at the junction between the 

wire and the ground plane. If the port is not located at the junction, change the port 

location to End. 
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6. Add a voltage source to the port. (1 V, 0°, 50 Ω). 

 

 

7. Set the frequency to freq. 

8. Specify the symmetry about 2 principal planes. 

• X=0: Magnetic symmetry 

• Y=0: Magnetic symmetry 

Tip: Exploit model symmetries (if it exists) in a large or complex model to reduce 

computational costs. 
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Defining Calculation Requests 

Define the calculation requests in CADFEKO. 

1. Create a full 3D far field request. Sample the far field at θ=2° and ϕ=2° steps. 

2. Create a currents request (all currents). 

 

Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretised 

representation of 

a geometry model or mesh model used for simulation in the Solver. 

1. Set the Mesh size equal to Standard. 

2. Set the Wire segment radius equal to wireRadius. 

3. Mesh the model. 

 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO 

model. 

Before you start the CEM validate tool, ensure the model is meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 
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Viewing the Results 

View and post-process the results in POSTFEKO. 

1. View the total gain (in dB) in a vertical cut of the requested far field pattern 

using a polar plot. 

 

 

2. View the 3D gain pattern in the 3D view in POSTFEKO. 
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3. View the currents on the finite ground plane. 

 

 

4. View the phase variation of the currents using animation. 

 

Please watch the following video for the design workflow process: 

 

 

https://altairuniversity.com/learning-library/feko-example-video-series-a-4-1-to-a-

4-5-monopole-antenna-on-a-finite-ground-plane/ 

https://altairuniversity.com/learning-library/feko-example-video-series-a-4-1-to-a-4-5-monopole-antenna-on-a-finite-ground-plane/
https://altairuniversity.com/learning-library/feko-example-video-series-a-4-1-to-a-4-5-monopole-antenna-on-a-finite-ground-plane/
https://altairuniversity.com/learning-library/feko-example-video-series-a-4-1-to-a-4-5-monopole-antenna-on-a-finite-ground-plane/
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2.3 Loop Antennas 

Loop antenna is one of the simplest antenna designs. Loop antenna is a single turn of a 

coil that can carry current. Such a structure can be used as an antenna for transmitting 

and receiving signals. It can take many different forms such as a circle, ellipse, triangle, 

rectangle or a square. These antennas can be used in UHF range. The frequency range is 

around 300MHz to 3GHz. Loop antennas can be sed as single elements or as a part of an 

array. Due to its simplicity and ease of analysis, the circular loop antenna is the most 

commonly used loop antenna. Figure shows a circular loop antenna. 

 

 

Basics of Loop Antenna 

The loop antennas can be classified into two types: 

• Large loop antennas 

Large loops are used at frequencies above 3.5 MHz such that their size is feasible. For 

lower frequencies the loop is installed lying flat to the ground considering its size 

drawbacks. While for frequencies above 10MHz, the loop can be installed as “standing 

up” or vertical to the ground. 
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The length of the large loops is almost equal to the wavelength. These antennas are also 

known as resonant antennas. The length of large loops is, 

L= λ 

Where, 

L= length of the antenna 

λ= wavelength 

The main disadvantage of the large loops is their length. They cannot be meandered to 

reduce the length as that will increase the capacitive value of the loop. 

• Small loop antennas 

The small loops are less resonant. Their length is usually one tenth of the total 

wavelength.  It can be given as, 

L= λ/10 

Where, 

L= length of the antenna 

λ= wavelength 

Small loop antennas are often known as magnetic loops because the fields radiated from 

a small loop antenna and that from an infinitesimal magnetic dipole are almost the same. 

The radiation resistance of the small loops is low and they less efficiency due to high 

losses. Usually small loop antennas are difficult to match due their impedance values 

when used as transmitters. Hence, they are seldom used as transmitters and are 

preferred to be used as receiver antenna where the antenna efficiency does not play a 

major role like in portable radios and pagers. Since the structure of a small loop antenna 

is not very large, the current distribution is constant along the length. 
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Loop antennas can also be used in array configurations. The radiation pattern of the 

arrays is determined by the orientation in which the loop antennas are placed.  

The analytical solution of a loop antenna is too complex and so accurate numerical 

simulations using Feko are preferred for obtaining the radiation characteristics. 

Now that we got a little insight about loop antennas, let’s design one using Feko. 
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Tutorial: Loop Antenna design 

Creating the Model 

 

 

1. Set the model unit to metres. 

2. Define the following variables: 

• freq = 300e6 

• freq_max = 330e6 

• freq_min = 270e6 

• lambda = c0/freq 

• loop_c = 0.1 

• mu0 = pi*4e-7 

• pi = 3.141592 

• wire_radius = 0.0001 
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3. Create the elliptic arc. 

a) Create a loop. 

• Definition method: centre point,radii,start angle,end angle 

• Radius (Ru) : loop_c*lambda/(2*pi) 

• Radius (Ru) : loop_c*lambda/(2*pi) 

   Dimension 

Start angle (A0) : 0.0  

End angle(A1) : 360.0 

• Label: loop 



 

38 
 

 

 

4. Add a wire port (segment) to the start of the line. 

5. Add a voltage source to the port. (1 V, 0°, 50 Ω). 

6. Set a continuous(interpolated) range from freq_min to freq_max. 

 

Defining Calculation Requests 

• Define the calculation requests in CADFEKO. 

1. Create a horizontal far field request (-90°≤θ≤90°, with ϕ=2°). Sample the far 

field at θ=2° steps. 

3. Create a 3D far-field. 

• Define Near-fields. 

• Define currents. 
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Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretized 

representation of a geometry model or mesh model used for simulation in the Solver. 

1. Set the Mesh size equal to Standard. 

2. Set the Wire segment radius equal to wire_radius. 

3. Mesh the model. 

 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. Before you start the CEM validate tool, ensure the model is 

meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

3. Address any modelling errors before running the Solver. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable).  

 

Viewing the Results 

View and post-process the results in POSTFEKO. 

1. View the total gain (in dB) in a vertical cut of the requested far field pattern 

using a polar plot (see below) 
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2. View the current distribution in the 3D view in POSTFEKO. 

 

3. View the near fields in 3D view in POSTFEKO 
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2.4 Microstrip Patch Antennas 

Microstrip patch antennas have gained a lot of popularity over the last three decades. 

This is due to their low-profile structures, cost effectiveness, ease of fabrication and ease 

of installation. It is easy to print microstrip antennas to a circuit board. In high 

performance systems with constraints of size, weight and cost, microstrip antennas prove 

to have numerous applications. Due to these advantages, microstrip patch antennas are 

becoming widespread in mobile radio and wireless communications.  

In this section, some fundamentals of Microstrip Patch antennas will be discussed as well 

as the detailed procedure of designing patch antennas using Feko. 

 

Characteristics of Microstrip Patch Antennas 

Consider the microstrip patch antenna shown in figure. The primary configuration 

consists of three structures: 

• Patch 

• Substrate 

• Ground 

The patch is a thin metallic strip that is placed a small fraction of a wavelength above the 

ground. The region between the patch and ground is called substrate. The substrate is 

ideally a dielectric material. Length of rectangular patch is less than λ/2. The microstrip 

patch antenna is designed such that it gives a broadside pattern i.e. maximum radiation 

in the direction normal to the patch. To achieve a broadside radiation pattern, the patch 

is excited from beneath.  
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The radiating patch can be of various shapes for example, rectangular, square, dipole, 

elliptical, circular or any other configuration as shown in figure 

 

The microstrip patch antenna can be fed in a number of ways. The four most common 

methods for feeding are coaxial probe, microstrip line, aperture coupling and proximity 

coupling. It is crucial to model the feed precisely in order to get accurate simulation 

results. 

There are a number of analytical methods developed for analysis of microstrip patch 

antennas over the past few years. The most popular of them are transmission-line 

method, cavity method and full-wave method. The transmission-line method is the easiest 

of them all but is less accurate while the cavity method is more accurate but is complex 

in nature. 
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The design of microstrip patch antenna usually starts with defining the material of the 

substrate. A lot of dielectrics are available with varying thickness that affect the electrical 

properties. Dielectric materials with low permittivity values provide an impedance 

bandwidth that is wide and reduction in surface wave excitation. After selecting the 

substrate materials, the thickness is defined. The width of a patch is defined by 

𝑊 =
1

2𝑓𝑟√𝜇0𝜀0

√
2

𝜀𝑟 + 1
 

 Where 𝑓𝑟  is the resonant frequency of the patch antenna, 𝜀0and 𝜇0 are the permittivity 

and permeability in free space, respectively, and 𝜀𝑟 is the dielectric constant of the 

substrate. Next, the resonant length of the patch is determined. While defining the 

resonant length, it is important to consider the effect of fringing fields. The fringing fields 

that are generated around the patch make the patch appear electrically larger. Hence the 

electrical length of the patch antenna is greater than its physical length.  

Since some of the waves travel in the substrate and some in air, an effective dielectric 

constant is introduced to account for fringing and the wave propagation in the line. The 

effective dielectric constant can be computed using 

𝜀𝑟𝑒𝑓𝑓 =
𝜀𝑟 + 1

2
+

𝜀𝑟 − 1

2
[1 + 12

ℎ

𝑊
]

−1/2

, 

where h is the thickness of the substrate. The electrical length increase of the microstrip 

patch can then be computed using the empirical formula 

 

∆𝐿

ℎ
= 0.412

(𝜀𝑟𝑒𝑓𝑓 + 0.3) (
𝑊
ℎ

+ 0.264)

(𝜀𝑟𝑒𝑓𝑓 − 0.258) (
𝑊
ℎ

+ 0.8)
 

The fringing field effect results in an increase of ∆𝐿 on both sides of the patch length;  
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The physical length of the patch is then calculated using  

𝐿𝑒𝑓𝑓 = 𝐿 + 2∆𝐿 

Where, the effective length of the patch is given by 

𝐿𝑒𝑓𝑓 =
1

2𝑓𝑟√𝜀𝑟𝑒𝑓𝑓√𝜇0𝜀0

 

The feed position of a patch is determined on the basis of the impedance characteristic 

of the microstrip patch. 

Let’s now design a rectangular patch antenna using these equations in Feko. We will 

model a microstrip patch antenna using two different feed methods (pin feed, microstrip 

edge feed). The dielectric substrate is also considered both as a finite substrate and an 

infinite planar multilayer substrate. 
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Tutorial: Pin-Fed Microstrip Patch Antenna 

Creating the Model 

 

 

1. Set the model unit to millimetres. 

2. Define the following variables: 

• epsr = 2.2 (The relative permittivity of the substrate.) 

• freq = 3e9 (The centre frequency.) 

• lambda = c0/freq*1e3 (The wavelength in free space.) 

• lengthX = 31.1807 (The width of the patch in the X direction.) 

• lengthY = 46.7480 (The depth of the patch in the Y direction.) 

• offsetX = 8.9 (The location of the feed.) 

• substrateLengthX = 50 (The width of the substrate in the X direction.) 

• substrateLengthY = 80 (The depth of the substrate in the Y direction.) 

• substrateHeight = 2.87 (The height of the substrate.) 

• fmin = 2.7e9 (The minimum frequency.) 

• fmax = 3.3e9 (The maximum frequency.) 

• feedlineWidth = 4.5 (The feedline width for the microstrip model feed.) 



 

46 
 

 

 

3. Create the patch. 

a) Create a rectangle. 

• Definition method: Base centre, width, depth 

• Width: lengthX 

• Depth: lengthY 

• Label: patch 
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4. Create the substrate. 

a) Create a cuboid. 

• Definition method: Base corner, width, depth, height 

• Base corner: (-substrateLengthX/2, -substrateLengthY/2, -substrateHeight) 

• Width: substrateLengthX 

• Depth: substrateLengthY 

• Height: substrateHeight 

• Label: substrate 

 

5. Create the feed pin as a wire between the patch and the bottom of the substrate. 

Position the feed pin with an offset from the edge of the patch. 

a) Create a line. 

• Start point: (-offsetX, 0, -substrateHeight) 

• End point: (-offsetX, 0, 0) 

 

 

6. Add a wire port (segment) to the middle of the line. 

7. Add a voltage source to the port. (1 V, 0°, 50 Ω). 
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8. Union all elements and label the union antenna. 

9. Create a new dielectric called substrate with relative permittivity set to epsr. 

 

 

10. Set region of the cube to substrate. 

11. Set the face of the patch and the bottom face of the substrate to PEC. 

12. Set a continuous frequency range from fmin to fmax. 

13. Specify the symmetry about the Y=0 plane as Magnetic symmetry. 

 

Defining Calculation Requests 

Define the calculation requests in CADFEKO. 

1. Create a vertical far field request (-90°≤θ≤90°, with ϕ=0°). Sample the far field 

at θ=2° steps. 

2. Create a vertical far field request (-90°≤θ≤90°, with ϕ=90°). Sample the far field 

at θ=2° steps. 
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Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretized 

representation of a geometry model or mesh model used for simulation in the Solver. 

1. Set the Mesh size equal to Standard. 

2. Set the Wire segment radius equal to 0.25. 

3. Mesh the model. 

 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. Before you start the CEM validate tool, ensure the model is 

meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

3. Address any modelling errors before running the Solver. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 

  



 

50 
 

Tutorial: Edge-Fed, Planar Multilayer Substrate 

Model 

Model a microstrip patch antenna using an edge feed and a planar multilayer substrate 

(Green’s functions). The patch antenna is solved with MoM. 

 

Note: This example is for demonstration purposes only. For practical applications a 

feed line should be inserted to improve the impedance match. 

• To improve accuracy, the edge port length should be less than 1/30 of a 

wavelength. For this example, 1/3 of a wavelength relates to a maximum 

edge port length of 3 mm. As example is only for demonstration purposes, 

an edge length of 4.5 mm is used instead. 

 

Creating the Model 

 

 

1. Set the model unit to millimetres. 

2. Define the following variables: 

• epsr = 2.2 (The relative permittivity of the substrate.) 

• freq = 3e9 (The centre frequency.) 

• lambda = c0/freq*1e3 (The wavelength in free space.) 
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• lengthX = 31.1807 (The width of the patch in the X direction.) 

• lengthY = 46.7480 (The depth of the patch in the Y direction.) 

• offsetX = 8.9 (The location of the feed.) 

• substrateLengthX = 50 (The width of the substrate in the X direction.) 

• substrateLengthY = 80 (The depth of the substrate in the Y direction.) 

• substrateHeight = 2.87 (The height of the substrate.) 

• fmin = 2.7e9 (The minimum frequency.) 

• fmax = 3.3e9 (The maximum frequency.) 

• feedlineWidth = 4.5 (The feedline width for the microstrip model feed.) 

 

 

3. Create the patch. 

a) Create a rectangle. 

• Definition method: Base centre, width, depth 

• Width: lengthX 

• Depth: lengthY 

• Label: patch 
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4. Add a planar multilayer substrate (infinite plane) with a conducting layer at the 

bottom. 

a) Add a Plane / ground. 

• Click Planar multilayer substrate. 

• Thickness (Layer 1): substrateHeight 

• Medium (Layer 1): substrate 

 

 

5. Create the feedline. 

Create a rectangle. 

Definition method: Base corner, width, depth 

Base corner: (-lengthX/2, -feedlineWidth/2, 0) 

Width: -lambda/4 

Depth: feedlineWidth 

Label: feedline 
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6. Union all the elements. 

7. Add a microstrip port at the edge of the feed line. 

8. Add a voltage source to the port. (1 V, 0°, 50 Ω). 

 

Defining Calculation Requests 

Define the calculation requests in CADFEKO. 

1. Create a vertical far field request (-90°≤θ≤90°, with ϕ=0°). Sample the far field 

at θ=2° steps. 

2. Create a vertical far field request (-90°≤θ≤90°, with ϕ=90°). Sample the far field 

at θ=2° steps. 

 

Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretized 

representation of a geometry model or mesh model used for simulation in the Solver. 

1. Set the Mesh size equal to Standard. 

2. Set the Wire segment radius equal to 0.25. 

3. Mesh the model. 

 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. Before you start the CEM validate tool, ensure the model is 

meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

3. Address any modelling errors before running the Solver. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 
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1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 

 

Viewing the Results 

View and post-process the results in POSTFEKO. 

Compare the gain (in dB) of the requested far field patterns on a polar plot. 

 

Note: Observe the impact of the different feeding mechanisms on the 

radiation pattern. 

 

Please watch the following video for the design workflow process: 

Microstrip_Patch_Pin_Feed 

Microstrip_Patch_Edge_Feed 
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https://altairuniversity.com/learning-library/feko-example-video-series-a-8-microstrip-

patch-antenna/ 

 

2.5 Helical Antennas 

Helical antennas are the most popular broadband antennas that operate in the VHF and 

UHF bands. They are used in extra-terrestrial communications as shown in figure. A helical 

antenna in simple terms is nothing but a conducting wire wound in the form of a screw, 

forming a helix shape. The antenna is mounted on a ground plane is most of the cases. A 

helical antenna can have more than one conducting wires (monofilar, bifilar or quadfilar). 

It is fed the bottom of the helix and the ground plane. 

https://altairuniversity.com/learning-library/feko-example-video-series-a-8-microstrip-patch-antenna/
https://altairuniversity.com/learning-library/feko-example-video-series-a-8-microstrip-patch-antenna/
https://altairuniversity.com/learning-library/feko-example-video-series-a-8-microstrip-patch-antenna/


 

56 
 

 

 

Characteristics 

The parameters that affect the performance of a helical antenna are as follows: 

• N- Number of turns  

• H- Total height of the helix 

• D- Diameter of a turn 

• S- Separation between 2 turns 

• C- Circumference of a turn 

• α- pitch angle, given by   𝛼 = tan−1 𝑆

𝐶
 

 

The radiation characteristics of a helical antenna depends on the diameter of the helix, 

the turn spacing and the pitch angle. A geometrical model of a helix antenna, along with 

these design parameters, is given in figure. The starting point of the helix wire is not the 
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geometric center of the circular ground; however, the helix is placed at the center of the 

ground plane. The helix antenna gives a circularly polarized radiation in the direction 

of the antenna axis. The antenna in Figure is a left-handed helix antenna, because 

if you curl your fingers on your left hand around the helix your thumb would point 

up (also, the waves emitted from this helix antenna are Left Hand Circularly 

Polarized). If the helix antenna was wound the other way, it would be a right-

handed helical antenna. 

 

 

 

Helical antennas come under the family of travelling wave antennas. This implies that the 

current travels along the structure of the antenna while the phase is continuously varying. 

The pitch angle is one of the most important parameters of the helical antenna. It is 

formed by a line tangent to the helix wire and perpendicular to the helix axis. Figure shows 

a geometrical model of one uncoiled turn of a helix, where L0 is the length of a single turn. 

Mathematically this is given by 

𝛼 = tan−1 (
𝑆

𝜋𝐷
) 

L 
S 

D 

Feed Point 
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The antenna’s radiation characteristics can be varied by controlling the size of its 

geometrical properties compared with wavelength. Its general polarization is elliptical, 

but circular and linear polarizations can be achieved over different frequency ranges.  

 

Modes of Operation 

There are two predominant modes in which the helical antenna can operate: 

1. Normal Mode (Broadside) 

2. Axial Mode (End-fire) 

The Normal Mode is operation is obtained if the dimensions of the helix are very small 

compared to the wavelength. In this mode, the maximum radiation pattern is observed 

to be normal to the axis of the antenna. The radiation pattern is circularly polarized. The 

pattern is similar in shape to that of a small dipole or circular loop. 

In the Axial Mode of operation, the circumference is increased to the order of one 

wavelength. The maximum radiation is observed to be perpendicular to the axis of the 

antenna (end-fire direction). 
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Tutorial: The Normal Mode Helix 

As discussed, there are two practical operating modes of a helical antenna. To achieve 

the normal mode of operation, the dimensions of the helix should be small compared 

with wavelength Let us design a Normal mode helix using Feko. The maximum radiation 

pattern will be perpendicular to the axis. Here, the number of turns of the helix are 2.068. 

 

Creating the Model 

 

 

1. Set the model unit to millimetres. 

2. Define the following variables: 

• epsr = 8.854e-12(The relative permittivity of the substrate.) 

• frequency_center = 433e6 (The center frequency.) 

• lambda = c0/frequency*1e3 (The wavelength in free space.) 

• frequency_maximum = frequency_center*1.2 

• frequency_minimum = frequency_center*0.8 

• frequency_num_points = 21 

• ground_plane_diameter = 173.21 

• helix_circumference = pi*helix_diameter 

• helix_diameter = 20.785 
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• helix_height = 138.568 

• helix_pitch = helix_height/num_turns 

• mesh_ground = wavelength_center/15 

• mesh_wire = wavelength_center/200 

• num_turns = 2.06875 

• pitch_angle =deg(arctan(helix_pitch/helix_circumference)) 

• wavelength_centre  

• wavelength_unit_factor*(c0/frequency_centre) 

• wavelength_unit_factor = 1000 

• wire_diameter = 1.1547344 

• wire_length = num_turns * wire_length_per_turn 

• wire_length_per_turn = sqrt(helix_circumference^2+helix_pitch^2) 
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3. Create the Helix. 

a) Create a helix. 

• Definition method: Base Centre, base radius, end radius, height, turns 

• Origin of Helix axis: (0, 0, feed_height) 

• Base radius: Helix_diameter/2 

• End Radius: Helix_diameter/2   

• Height: Helix_height 

• Turns: num_turns 

 

 

 

4. Create the Ground Plane 

a) Create an ellipse 

• Centre Point: (0, 0, 0) 
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• Radius (U): Groundplane_diameter/2 

• Radius (V): Groundplane_diameter/2 

• Label: ground_plane 

 

 

 

5. Create the feed wire. 

a) Create a line. 

• Start Point: (helix_diameter/2, 0, 0) 

• End Point: (helix_diameter/2, 0, feed_height)  

          

 

 

 

6. Add a wire port (segment) to the start of the line. 

7. Add a voltage source to the port (1 V, 0°, 50 Ω). 

8. Union feed wire and helix name as complete wire. 
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9. Union Complete wire and ground_plane and name as Antenna. 

10. Set Linearly spaced discrete points as frequency range from frequency_maximum to 

frequency_minimum and number of frequencies to frequency_num_points 

 

Defining Calculation Requests 

Define the calculation requests in CADFEKO. 

1. Create a vertical far field request (-180°≤θ≤180°, with ϕ=0°). Sample the far 

field at θ=2° steps. 

2. Create a vertical far field request (-180°≤θ≤180°, with ϕ=90°). Sample the far 

field at θ=2° steps. 

 

Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretized 

representation of a geometry model or mesh model used for simulation in the Solver. 

1. Set the Mesh size equal to Custom. 

2. Set the Triangle Edge Length equal to Mesh_gnd 

3. Set the Wire Segment Length equal to Mesh_wire  

2. Set the Wire segment radius equal to wire_diameter/2. 

3. Mesh the model. 

 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. Before you start the CEM validate tool, ensure the model is 

meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

3. Address any modelling errors before running the Solver. 

 



 

64 
 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 

 

Viewing the Results 

To see the radiation pattern of the helical antenna as shown in the figure below, go tp 

POSTFEKO and check the Farfield results in the Polar plot. 

 

 

 

2.6 Yagi Uda Antenna 

Yagi Uda antenna, also known as Yagi-Uda array is popular type of Television antenna. 

You are probably familiar with this antenna, as they were used to be found on top of roofs 

everywhere before cable channels arrived. Yagi antenna has a number of parallel 

elements in a line. These elements are usually dipole antennas that are made up of metal 
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rods as shown in figure. From the antenna theory it is known that arrays are used to 

increase directivity. However, it is not necessary for all the array elements to be 

connected to the feeder network. We can minimize the number of elements that are fed 

and hence simplify the network. These types of arrays where all elements are not active 

are known as parasitic arrays. Yagi-Uda antenna is an example of such an array. The design 

of this antenna is very simple, and it has a high gain, usually larger than 10dB. However, 

the bandwidth of this antenna is small. This antenna was invented by Shintaro Uda and 

Hidetsugu Yagi from Japan in the year 1962. These antennas came into use widely during 

the World War II in radar systems. The frequency range of Yagi-Uda antenna is in the VHF 

and UHF bands. 

 

The basic geometry of a Yagi antenna is shown in figure. It consists of three main elements 

as shown in the figure above. 
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• Driven element 

The driven element is the main element to which the power is supplied by the 

feeder.  The rest of the elements are additional parasitic elements that are added 

to increase the directivity of Yagi Uda antenna. The enegery radiated from the 

driven element is re-radiated by the parasitic elements. 

• Reflector 

The Reflector element is slightly longer than the driven element. There is 

generally just one Reflector in the Yagi array and is placed right behind the driven 

element. 

• Director  

The Directors are generally shorter than the driven element. They are placed in 

front of the driven element to increase the directivity. The directors dirct the 

beam towards the required direction. 

 

As shown in the figure the dipole parasitic elements have a node (point of zero RF voltage) 

at their center, so they can be attached to a conductive metal support at that point 

without need of insulation, without disturbing their electrical operation. They are usually 

bolted or welded to the antenna's central support boom. The driven element is fed at 

center, so its two halves must be insulated where the boom supports them.  

  

https://en.wikipedia.org/wiki/Node_(physics)
https://en.wikipedia.org/wiki/Radio_frequency
https://en.wikipedia.org/wiki/Voltage
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Tutorial: Yagi-Uda Antenna Above a Real Ground 

Let’s see an example of designing a Yagi-Uda antenna using Feko. Calculate the radiation 

pattern for a horizontally polarised Yagi-Uda antenna consisting of a dipole, a reflector 

and three directors at 400 MHz. The antenna is located 3 m above a real ground which is 

modelled with the Green’s function formulation. 

Note: A basic optimisation setup is included with the example. Optimisation is applied 

to the example to determine the optimal physical dimensions, maximise the forward 

gain, and minimise the back lobes. 

 

 

 

 

Creating the Model 

Create the model in CADFEKO. Define any ports and sources required for the model. 

Specify the operating frequency or frequency range for the model. 

1. Define the following variables: 
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• freq = 400e6 (The operating frequency.) 

• lambda = c0/freq (The wavelength in free space.) 

• lr = 0.477*lambda (Length of the reflector.) 

• li = 0.451*lambda (Length of the active element.) 

• ld = 0.442*lambda (Length of the directors.) 

• d = 0.25*lambda (Spacing between elements.) 

• h = 3 (Height of the antenna above ground.) 

• epsr = 10 (Relative permittivity of the ground.) 

• sigma = 1e-3 (Conductivity of the ground.) 

• wireRadius = 1e-3 (Radius of the wire.) 

2. Create the dipole (driven element) of the Yagi-Uda antenna. 

a) Create a line. 

• Start point: (0, - li/2, h) 

• End point: (0, li/2, h) 

• Label: activeElement 

b) Add a wire port (vertex) to the middle of the line. 

c) Add a voltage source to the port. (1 V, 0°, 50 Ω). 
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3. Create the reflector of the Yagi-Uda antenna. 

a) Create a line. 

 

 

• Start point: (-d, -lr/2, h) 

• End point: (-d, lr/2, h) 

• Label: reflector 

4. Create the three directors of the Yagi-Uda antenna. 

a) Create three lines. 

Line Start point End point Label 

1 (d, -ld/2, h) (d, ld/2, h) director1 

2 (2*d, -ld/2, h) (2*d, ld/2, h) director2 

3 (3*d, -ld/2, h) (3*d, ld/2, h) director3 

5. Create a new dielectric called ground with relative permittivity set to epsr and 

conductivity to sigma. 

6. Set the lower half space to ground using the exact Sommerfeld integrals. 

7. Set the frequency to freq. 
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8. Specify the symmetry about the Y=0 plane as Electric symmetry. 

 

Defining Calculation Requests 

Define the calculation requests in CADFEKO. 

Create a vertical far field request (-90°≤θ≤90°, with ϕ=0°). Sample the far field at θ=0.5° 

steps. 

a) Change the workplane origin to (0,0,3). 

 

Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretised 

representation of a geometry model or mesh model used for simulation in the Solver. 

1. Set the Mesh size equal to Standard. 

2. Set the Wire segment radius equal to wireRadius. 

3. Mesh the model. 

 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. Before you start the CEM validate tool, ensure the model is 

meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

3. Address any modelling errors before running the Solver. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 
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Note: The following warning may be encountered when running the Solver: 

Directivity cannot be computed for far field calculations involving the planar multilayer 

Green's function with losses in the dielectric layers, gain will be computed instead. 

Losses cannot be calculated in an infinitely large medium as is required for the 

extraction of antenna directivity information. Avoid this warning by requesting the far 

field gain instead of the directivity. 

Open the Request/Modify far fields dialog, click the Advanced tab and then click Gain. 

 

 

 

Viewing the Results 

View and post-process the results in POSTFEKO. 

View the gain (in dB) of the requested far field pattern on a polar plot. 
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Please watch the following video for the design workflow process: 

 

 

https://altairuniversity.com/learning-library/feko-example-video-series-a-5-yagi-uda-

antenna-above-a-real-ground/ 

 

2.7 Log Periodic Antenna 

Log Periodic antenna is a multi-element antenna that is directional in nature and operates 

over a wide range of frequencies. Log periodic dipole array antenna is the most commonly 

used log periodic antenna. It consists of a series of dipole antenna elements that are 

increasing in length gradually as shown in figure. These antennas are mounted in a single 

line parallelly and are connected to a common feedline with alternating phase. The 

impedance of this antenna is a logarithmic function of frequency. The frequency range of 

operation is in the VHF and UHF bands. 

https://altairuniversity.com/learning-library/feko-example-video-series-a-5-yagi-uda-antenna-above-a-real-ground/
https://altairuniversity.com/learning-library/feko-example-video-series-a-5-yagi-uda-antenna-above-a-real-ground/
https://altairuniversity.com/learning-library/feko-example-video-series-a-5-yagi-uda-antenna-above-a-real-ground/
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The log-periodic antenna has an “active region” that shifts among the elements. This 

means that not all elements will be active at the same frequency. The longest element is 

active at the antenna’s lowest usable frequency where it acts as a half wave dipole.  As 

the frequency shifts upward, the active region shifts forward.  The upper frequency limit 

of the antenna is a function of the shortest elements. This is the most special 

characteristic of the log-periodic antenna. 

 

There are a number of types of log-periodic antennas like the planar, zig-zag, slot, etc. 
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with the log periodic dipole array (LPDA) being the most common. The log periodic dipole 

array consists of a number of dipole antennas with different lengths and spacing between 

consecutive elements. The dipole lengths and separations are given by the following: 

𝑅1

𝑅2
=

𝑅2

𝑅3
=

𝑅3

𝑅4
= 𝑇 =

𝑙1

𝑙2
=

𝑙2

𝑙3
=

𝑙3

𝑙4
 

Where, 

T= Design ratio, T<1 

R= the distance between the feed and dipole 

l= length of the dipole 

The advantages of LPDA broadband antenna is its very simple construction and is also 

lightweight and low cost, which makes it very popular. The gain and radiation pattern can 

be changed according to the requirements. 
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Tutorial: Log Periodic Dipole Array (LDPA) 

Let’s design a LDPA using Feko. Calculate the radiation pattern and input impedance for 

a log periodic dipole array (LPDA) antenna. Here, non-radiating transmission lines are 

used to model the boom of the LPDA antenna. The antenna operates at 46.29 MHz, with 

a wide operational bandwidth stretching from 35 MHz to 60 MHz. 

Creating the Model 

 

Start by specifying the operating frequency or frequency range for the model. 

1. Define the following variables: 

• freq = 46.29e6 (The operating frequency.) 

• lambda = c0/freq (The wavelength in free space.) 

• tau = 0.93 (The growth factor.) 

• sigma0 = 0.7 (Spacing) 

• len0 = 2 (Length of the first element.) 

• d0 = 0 (Position of the first element.) 

• rad0 = 0.00667 (Radius of the first element.) 
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• sigma1...sigma11: sigmaN = sigma(N-1)/tau 

• d1...d11: dN = d(N-1) – sigmaN 

• len1...len11: lenN = len(N-1)/tau 

• rad1...rad11: radN = rad(N-1)/tau 

• Zline = 50 (Transmission line impedance.) 

• Zload = 50 (Shunt load resistance.) 

 

      

2. Create twelve dipoles. 

a) Create lines 0 to (N-1) where N = 12. 

• Start point: (dN, -lenN/2, 0) 

• End point: (dN, lenN/2, 0) 

b) Add a wire port (segment) to the middle of each of the twelve lines. 

c) Number the ports from 0 to 11. 

3. Add a voltage source to the first dipole. (1 V, 0°, 50 Ω) 

4. Create eleven transmission lines (numbered from 1 to 11) to connect the dipoles. 
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• Definition method: Z0, length, attenuation 

• Transmission line length: sigmaN 

• Real part of Z0 (Ohm): Zline 

• Imaginary part of Z0 (Ohm): 0 

• Attenuation (dB/m): 0 

• Select the Cross input and output ports check box to allow the correct 

transmission line orientation. 

5. Connect transmission line N between port(N-1) and portN in the Network schematic 

view. 

 

6. Repeat step 5 for the remaining 10 transmission lines. 

7. Define a shunt load using a general network. 

• Specify the one-port Y-matrix manually. 

• Y11 = 1/Zload 

8. View transmission line 11 in the Network schematic view. 

a) Connect the general network to port 11. 

9. Set the continuous frequency range from 35 MHz to 60 MHz. 

10. Specify the symmetry about the Y=0 plane as Electric symmetry. 
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Tip: Exploit model symmetries (if it exists) in a large or complex model to reduce 

computational costs. 

 

Defining Calculation Requests 

Define the calculation requests in CADFEKO. 

1. Create a vertical far field request (-180°≤θ≤180°, with ϕ=0°). Sample the far 

field at θ=2° steps. 

2. Create a horizontal far field request (0°≤ϕ≤360°, with θ=90°). Sample the far 

field at ϕ=2° steps. 

 

Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretised 

representation of 

a geometry model or mesh model used for simulation in the Solver. 

1. Set the Local wire radius for each of the twelve dipoles to radN. 

Tip: Open the Edge properties dialog, click the Properties tab and select the Local wire 

radius check box. 

 

2. Set the Mesh size equal to Standard. 

3. Set the Wire segment radius equal to 0.01. 

4. Mesh the model. 

 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. Before you start the CEM validate tool, ensure the model is 

meshed. 

1. Run CEM validate. 
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2. Investigate any warnings / errors found by the CEM validate tool. 

3. Address any modelling errors before running the Solver. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 

 

Viewing the Results 

View and post-process the results in POSTFEKO. 

1. View the vertical gain (in dB) at 46.29 MHz of the requested far field pattern on a 

polar plot. 

 

 

2. View the input impedance (real and imaginary) over the operating band on a 

Cartesian graph. 
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Please watch the following video for the design workflow process: 

 

 
https://altairuniversity.com/learning-library/feko-example-video-series-a-7-log-

periodic-dipole-array-antenna/ 

 

 

 

https://altairuniversity.com/learning-library/feko-example-video-series-a-7-log-periodic-dipole-array-antenna/
https://altairuniversity.com/learning-library/feko-example-video-series-a-7-log-periodic-dipole-array-antenna/
https://altairuniversity.com/learning-library/feko-example-video-series-a-7-log-periodic-dipole-array-antenna/


 

81 
 

2.8 Horn Antennas 

A horn antenna is an antenna having a flared metal structure connected to the main 

waveguide. Shaped like a horn, this antenna has a smooth transition between waveguide 

and free space, directing the waves into a beam. Horn antennas are widely used for high 

frequencies like in the UHF range. They are commonly used as directive antennas for radar 

applications, feed antennas for large antenna structures as well as in calibration and 

testing scenarios.  

Jagadish Chandra Bose, a scientist from India, was one of the first to construct a horn 

antenna in 1897 by in his pioneering experiments with microwaves. Wilmer Barrow and 

G. C. Southworth invented the modern horn antenna independently in 1938. The 

development of radar in World War 2 stimulated horn antenna research to design feed 

horns for radar antennas. The corrugated horn invented by Kay in 1962 has become 

widely used as a feed horn for microwave antennas such as satellite dishes and radio 

telescopes. Figure shows the geometry of a horn antenna 

 

One of the advantages of horn antenna is that is provides a significant level of directivity 

and gain. They can operate over a wide range of frequencies thus having a wide 

bandwidth. 

The flare provides a gradual transition structure to match the impedance of a tube to the 

impedance of free space, enabling the waves from the tube to radiate efficiently into 

https://en.wikipedia.org/wiki/Wilmer_Barrow
https://en.wikipedia.org/wiki/Radar
https://en.wikipedia.org/wiki/Satellite_dish
https://en.wikipedia.org/wiki/Radio_telescope
https://en.wikipedia.org/wiki/Radio_telescope
https://en.wikipedia.org/wiki/Wave_impedance
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space. If a simple open-ended waveguide is used as an antenna, without the horn, the 

sudden end of the conductive walls causes an abrupt impedance change at the aperture, 

from the wave impedance in the waveguide to the impedance of free space. When radio 

waves travelling through the waveguide hit the opening, this impedance-step reflects a 

significant fraction of the wave energy back down the guide toward the source, so that 

not all of the power is radiated. This is similar to the reflection at an open-

ended transmission line or a boundary between optical mediums with a low and 

high index of refraction, like at a glass surface. The reflected waves cause standing 

waves in the waveguide, increasing the SWR, wasting energy and possibly overheating 

the transmitter. In addition, the small aperture of the waveguide (less than one 

wavelength) causes significant diffraction of the waves radiating from it, resulting in a 

wide radiation pattern without much directivity. 

There are several types of horn antennas structures that are used for different 

applications as shown in figure below, 

 

https://en.wikipedia.org/wiki/Wave_impedance
https://en.wikipedia.org/wiki/Impedance_of_free_space
https://en.wikipedia.org/wiki/Transmission_line
https://en.wikipedia.org/wiki/Index_of_refraction
https://en.wikipedia.org/wiki/Standing_wave
https://en.wikipedia.org/wiki/Standing_wave
https://en.wikipedia.org/wiki/Standing_wave_ratio
https://en.wikipedia.org/wiki/Diffraction
https://en.wikipedia.org/wiki/Radiation_pattern
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The type, direction and amount of flare can have a profound effect on the overall 

performance of the antenna. 

The E-plane horn antenna is flared in E-plane with the horizontal dimension being 

constant at w. The H-plane horn antenna is flared in the H-plane, with a constant height 

for the waveguide and horn of h. 

The most common example of horn antenna however is the pyramidal horn. It has a width 

B and height A at the end of the horn. 

The horn antennas are fed by a waveguide section. A waveguide is a hollow metallic cavity 

that is used to guide electromagnetic waves from one place to another with minimal loss 

of energy. 

Let’s create a pyramidal horn antenna using Feko. 
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Tutorial: Horn Antenna with Waveguide feed 

Creating the Model 

We know that the radiation pattern of a horn antenna will depend on B and A (the 

dimensions of the horn at the opening) and R (the length of the horn, which also affects 

the flare angles of the horn), along with b and a (the dimensions of the waveguide). 

 In a pyramidal horn, the dimensions that give an optimum horn are: 

𝑎𝐸 = √2𝜆𝐿𝐸         𝑎𝐻 = √3𝜆𝐿𝐻 

aE is the width of the aperture in the E-field direction 

 aH is the width of the aperture in the H-field direction 

 LE is the slant length of the side in the E-field direction 

 LH is the slant length of the side in the H-field direction. 

 

 

 

 

 

 

 

 

 

 

 

 

Create the model in CADFEKO. Define any ports and sources required for the model. 

Specify the operating frequency or frequency range for the model. 
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1. Set the model unit to centimetres. 

2. Define the following variables: 

• freq = 1.645e9 (The operating frequency.) 

• lambda = c0/freq * 100 (The wavelength in free space.) 

• wa = 12.96 (The width of the waveguide.) 

• wb = 6.48 (The height of the waveguide.) 

• ha = 55 (The width of the horn.) 

• hb = 42.8 (The height of the horn.) 

• wl = 30.2 (The length of the waveguide section.) 

• fl = wl - lambda/4 (The position of the feed wire in the waveguide.) 

• hl = 46 (The length of the horn section) 

• pinlen = lambda / 4.56 (The length of the pin.) 

 

3. Create the waveguide section. 

a) Create a cuboid. 

• Definition method: Base corner, width, depth, height 

• Base corner (C): (-wa/2, -wb/2, -wl) 

• Width (W): wa 

• Depth (D): wb 

• Height (H): wl 
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4. Delete the face coincident on the UV plane. 

5. Create the horn section. 

a) Create a flare. 

• Definition method: Base centre, width, depth, height, top width, top depth 

• Bottom width (Wb): wa 

• Bottom depth (Db): wb 

• Height (H): h1 

• Top width (Wt): ha 

• Top depth (Dt): hb 
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6. Delete the face at the origin and the face opposite to that. 

7. Apply a waveguide port to the back face of the horn. 
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8. Add a waveguide source on the waveguide port. Use the default settings. 

9. Union all parts. 

10. Set the total source power (no mismatch) to 5W. 

11. Set the frequency to freq. 

12. Specify the symmetry about the X=0 plane as Magnetic symmetry. Add an additional 

plane of symmetry about the Y=0 plane. 

 

Tip: Exploit model symmetries (if it exists) in a large or complex model to reduce 

computational costs. 

 

Defining Calculation Requests 

Define the calculation requests in CADFEKO. Create a far field request for the E plane cut. 

1. Create a vertical far field request (-180°≤θ≤180°, with ϕ=90°). Sample the far field at 

θ=2° steps. 

Create a far field request for the H plane cut. 

2. Create a horizontal far field request (-180°≤θ≤180°, with ϕ=0°). Sample the far field at 

θ=2° 

steps. 

3.  Create a 3D far field request to view the pattern 

 

Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretized 

representation of a geometry model or mesh model used for simulation in the Solver. 

1. Set the Mesh size equal to Coarse. 

2. Set the Wire segment radius equal to 0.1. 

Tip: Keep the runtime at a minimum by using coarse meshing to reduce the number 

of triangles. 
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3. Mesh the model. 

 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. 

Before you start the CEM validate tool, ensure the model is meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

3. Address any modelling errors before running the Solver. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 

 

Viewing the Results 

View and post-process the results in POSTFEKO. 

1. View the gain (in dB) of the requested H-plane cut far field pattern on a polar 

plot. 



 

90 
 

 

2. View the gain (in dB) of the requested E-plane cut far field pattern on a polar plot 

 

3. View the far field pattern in the 3D configuration. 
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Please watch the following video for the design workflow process: 

 

 

https://altairuniversity.com/learning-library/feko-example-video-series-a-11-

different-ways-to-feed-a-horn-antenna/ 

https://altairuniversity.com/learning-library/feko-example-video-series-a-11-different-ways-to-feed-a-horn-antenna/
https://altairuniversity.com/learning-library/feko-example-video-series-a-11-different-ways-to-feed-a-horn-antenna/
https://altairuniversity.com/learning-library/feko-example-video-series-a-11-different-ways-to-feed-a-horn-antenna/
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2.9 Reflector Antennas 

Reflector antennas are widely in use since World War II. For a long-distance 

communication link, such high gain antennas are an essential part. The recent increase in 

utilization of reflector antennas in the field of radio astronomy, remote sensing and radars 

have resulted in development of various configurations of these antennas. Reflector 

antennas are devices that consists of reflecting surfaces and a feed system to transmit 

and receive electromagnetic waves in a given direction. Hence, they provide high 

directivity. A parabolic reflector is shown in the figure below. 

 

Reflector antennas can be of two types, either standalone devices or integrated as a part 

of the antenna assembly. The standalone reflectors like corner reflectors and flat 

reflectors reflect the incoming energy in the required direction. While, the reflectors like 

parabolic reflectors that are integrated as a part of a larger communication amplify the 

radiation pattern by increasing the gain. 

They can be classified in terms of reflector surface, the type of feed as well as radiation 

pattern. Some of the common types of reflectors are the plane reflectors, corner 

reflectors and parabolic reflectors. However, the parabolic reflector is well known for high 

gain applications. We will discuss in brief about parabolic reflectors. 
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Basics of Parabolic Reflectors 

The structure of a parabolic reflector follows the geometrical equations of a parabola in 

3 dimensions. If parallel rays are incident on a parabolic surface, they will converge at a 

point which is known as the focal point. Conversely, if a point source is placed at the focal 

point of a parabola then, the rays that are reflected will be parallel in nature. Such rays 

that are parallel to each other are known as collimated as shown in figure below. It is 

known in antenna theory that collimated rays are associated with high directional 

characteristics of any antenna.  
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The design of reflectors has two main parameters: 

• Diameter of the dish (D) 

• Focal length (F) 

The ratio of focal length to diameter (F/D) specifies the configuration of the reflector.  The 

typical values of this ratio are around 1. The reflector antenna being an aperture antenna, 

its gain is directly proportional to its diameter. Antennas like horns and dipole arrays that 

are azimuthally symmetric are usually preferred as feed antennas. For proper functioning 

of this antenna, its necessary to match the feed antenna pattern to the reflector which is 

done by selecting appropriate focal length during the design process. 

Since the gain of reflector antennas is directly proportional to the aperture size, it is easy 

to determine the aperture size if a desired gain is specified. The maximum directivity is 

given as 

𝐷 = 4𝜋
𝐴

𝜆2
 

 Where, 

A= size of aperture 

The gain is given as, 
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𝐺 = 𝜂D 

Where, 

N= aperture efficiency 

The reflector height (H) is given as 

𝐻0 =
𝐷2

16𝐹
, 

The subtended half angle Theta is specified by the ratio of F/D by 

𝜃0 = 2 tan−1 (
1

4(𝐹/𝐷)
). 

Let’s design a parabolic reflector antenna fed by a horn antenna in Feko.  
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Tutorial: Horn fed Parabolic Reflector 

Creating the Model 

1. Define the following variables. 

• freq = 12.5e9 (The operating frequency.) 

• lam = c0/freq (The frequency for free space wavelength.) 

• lam_w = 0.0293 (The guide wavelength.) 

• h_a = 0.51*lam (The waveguide radius.) 

• h_b0 = 0.65*lam (Flare base radius.) 

• h_b = lam (Flare top radius.) 

• h_l = 3.05*lam (Flare length.) 

• ph_centre = -2.6821e-3 (Horn phase centre.) 

• R = 18*lam (Reflector radius.) 

• F = 25*lam (Reflector focal length.) 

• w_l = 2*lam_w (The waveguide length.) 

 

2. Create the horn. 
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a) Create a cylinder along the Z axis. 

1. Definition method: Base centre, radius, height 

2. Base centre: (0, 0, -w_l-h_l) 

3. Radius (R): h_a 

4. Height (H): w_l 

5. Label: waveguide 

 

b) Create a cone. 

• Definition method: Base centre, base radius, top radius, height 

• Base centre: (0, 0, -h_l) 

• Base radius: h_b0 

• Height: h_l 

• Top radius: h_b 
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• Label: flare 

 

c) Union the two parts and simplify the resulting union. 

d) Rename the union of the two parts to horn. 

e) Delete the face at the front end of the horn to create an opening. 

f) Rotate the horn by -90°. 

• Axis direction: (0, 1, 0) 

g) Create a waveguide port on the face at the back end of the waveguide section. 

h) Add a waveguide source on the waveguide port. Excite only the fundamental mode and 

use the default settings. 

 

3. Create the parabolic reflector. 
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a) Create a paraboloid. 

• Base centre: (0, 0, F) 

• Radius (R): R 

• Focal depth: -F 

• Label: reflector 

 

 

a) Rotate the paraboloid by -90°. 

• Axis direction: (0, 1, 0) 

b) Set the solver method for the reflector face to use LEPO - always illuminated method. 

Tip: Open the Face properties dialog and click the Solution tab. From the 

Solve with special solution method, select Large element (PO) - always 

illuminated method. 

4. Decouple the MoM and LE-PO. 
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Tip: Open the Solver settings dialog, click the High frequency tab and then click 

Decouple PO and MoM solutions. 

 

Tip: The decouple setting will save computational resources. It is not recommended 

where the coupling (interaction) between the PO and MoM objects is strong. 

 

5. Set the frequency to freq. 
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6. Specify the symmetry about 2 principal planes: 

a) Y=0 plane: Electric symmetry. 

b) Z=0 plane: Magnetic symmetry. 

 

Defining Calculation Requests 

Define the calculation requests in CADFEKO. 

Create a full 3D far field request (-180°≤θ≤180° and 0°≤ϕ≤180°). Sample the far field at 

θ=5° and ϕ=5° steps. 

a) Enable the option, Calculate continuous far field data. 

Tip: Open the Request/Modify far fields dialog, click the Advanced tab and then 

select the Calculate continuous far field data check box. 

 

Tip: Spatially continuous far fields allow the far field to be re-sampled to any 

resolution in POSTFEKO. 

 

Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretized 

representation of a geometry model or mesh model used for simulation in the Solver. 

1. Set a lam/20 local mesh size on the waveguide port face. 

2. Set the Mesh size equal to Coarse. 

Note: Reduce simulation time for this example by using the coarse mesh setting. The 

standard mesh setting is recommended in general. 

 

3. Mesh the model. 
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Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. Before you start the CEM validate tool, ensure the model is 

meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

3. Address any modelling errors before running the Solver. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 

 

Viewing the Results 

View and post-process the results in POSTFEKO. 

1. View the gain (in dB) on a cartesian plot 
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2. View the gain in 3D view 

 

Please watch the following video for the design workflow process: 

 

https://altairuniversity.com/learning-library/feko-example-video-series-h-3-horn-

feeding-a-large-reflector/ 

https://altairuniversity.com/learning-library/feko-example-video-series-h-3-horn-feeding-a-large-reflector/
https://altairuniversity.com/learning-library/feko-example-video-series-h-3-horn-feeding-a-large-reflector/
https://altairuniversity.com/learning-library/feko-example-video-series-h-3-horn-feeding-a-large-reflector/
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Chapter 3: Antenna Arrays 

In the previous sections we saw basics about some of the single-element antennas. For 

practical applications where, high gain and directive characteristics are required in the 

communication link, it becomes necessary to increase the electrical size of the antennas. 

Now, this can be done by either increasing the aperture size of the antennas or by forming 

a group of radiating antenna elements. This antenna that is formed by multiple elements 

is called an array. The individual elements of an array can be of any form (wires, apertures, 

etc). One of the main advantages of arrays is that it can offer several degrees of freedom. 

Hence the overall structure of the beam can be shaped according to the user requirement. 

There are a number of array configurations like linear arrays, planar arrays, non-planar 

arrays (spherical and cylindrical).  
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Basics of Arrays 

The overall pattern of arrays depends on four main factors: 

• The configuration of the array (linear, planar, etc.) 

• Spacing between elements 

• Amplitude and phase of excitation 

• Pattern of individual elements 

Also, the type of antenna plays an important role, which in most cases are identical 

elements. Dipoles, patch antennas, loops, horns are some of the antennas used as 

radiating elements in arrays. 

The total radiation pattern of an array is given by, 

E (total)= E (single element) x Array Factor 

Array factor is the complex radiation pattern of the array when isotropic point sources 

are placed instead of the antenna elements. This is often referred as pattern 

multiplication of arrays with identical elements.  

For an N-element linear array that is oriented along z axis, the array factor can be given 

as 

𝐴𝐹 = 𝑎1 + 𝑎2𝑒+𝑗(𝑘𝑑 cos 𝜃+𝛽) + 𝑎2𝑒+2𝑗(𝑘𝑑 cos 𝜃+𝛽) + ⋯ + 𝑎𝑁𝑒+𝑗(𝑁−1)(𝑘𝑑 cos 𝜃+𝛽)

=  ∑ 𝑎𝑛𝑒+𝑗(𝑛−1)(𝑘𝑑 cos 𝜃+𝛽)

𝑁

𝑛=1

 

Where, 

𝑑= Spacing between the elements 

𝛽 = phase 

𝜃 = far field angle 
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𝑎𝑛= excitation of each element 

Array factor is a function of the spacing between single elements, their phases and 

magnitudes, geometrical configurations as well as number of elements. For uniform 

excitation, the array factor can be simplified as 

𝐴𝐹 = ∑ 𝑒+𝑗(𝑛−1)(𝑘𝑑 cos 𝜃+𝛽)

𝑁

𝑛=1

 

It can be further simplified as  

𝐴𝐹 =
sin(𝑁𝜓/2)

𝑠𝑖𝑛(𝜓/2)
,       𝜓 = 𝑘𝑑 cos 𝜃 + 𝛽. 

This equation permits us to determine the maximums of the array factor in terms of y. 

Sometimes in antenna arrays multiple lobes are formed whose radiation as almost as 

strong as the main beam. Such lobes are unwanted, and they are known as the grating 

lobes. The grating lobes are dependent on the spacing between the elements as well as 

the scan angle. In order to avoid this condition, the maximum element spacing is given as, 

𝑑𝑚𝑎𝑥 =
𝜆

1 + |cos 𝜃𝑚|
 

Where, 

𝜃𝑚= direction of the pattern maximum 
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Tutorial: Finite Antenna Array with Non-Linear 

Spacing 

Let’s calculate the radiation pattern for an array of arbitrarily placed pin-fed patch 

antennas. Use the finite array tool to construct the array and the numerical Green's 

function method (DGFM) to minimize computational resources. 

 Creating the Model 

Create the model in CADFEKO. Define any ports and sources required for the model. 

Specify the operating frequency or frequency range for the model. 

1. Set the model unit to millimetres. 

2. Define the following variables: 

• freq = 2.4e9 (The operating frequency.) 

• lam0 = c0/freq*1000 (The wavelength in free space.) 

• epsr = 2.08 (Relative permittivity of the substrate.) 

• patchLength = 41 (The length of the patch antenna.) 

• patchWidth = 35 (The width of the patch antenna.) 

• h = 3.5 (The height of the substrate.) 

• pinOffset = -11 (Distance between the feed pin and patch centre.) 

• wireRadius = 0.1 (The radius of the feed pin wire.) 
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3. Create the patch. The patch is the base element to be used in the finite antenna array. 

a) Create a rectangle. 

• Definition method: Base centre, width, depth 

• Width (W): patchWidth 

• Depth (D): patchLength 
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4. Create the feed line. 

a) Create a line. 

• Start point: (0, pinOffset, -h) 

• End point: (0, pinOffset, 0) 

 

 

5. Union all parts in the tree. 

6. Create a dielectric medium. 

a) Dielectric loss tangent: 0 

b) Relative permittivity: epsr 

c) Label: substrate 

7. Add a planar multilayer substrate (infinite plane) with a conducting layer at the bottom. 

a) Select Plane / ground. 

Click Planar multilayer substrate. 

• Thickness (Layer 1): h 

• Medium (Layer 1): substrate 

• Ground plane (Layer 1): PEC 

• Z value at the top of layer 1: 0 
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8. Add a wire port (segment) to the middle of the line. 

9. Add a voltage source to the port. (1 V, 0°, 50 Ω). 

10. Set the frequency to freq. 

Note: The steps up to this point represents the base element. The next steps will 

create an array from the base element. 

 

11. Create a planar array. 

• Number of elements = 4 (in both the U and V dimensions) 

• Offset along X axis = lam0. 

• Offset along Y axis = lam0. 
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Convert an array into a custom array to allow an element to be rotated or repositioned 

with respect to one another. Rotate an element by modifying its local workplane. An 

element can also be deleted from the array. 

 

12. Convert the array into a custom array. 

Tip: For this example, the elements are not rotated, but you are encouraged to rotate 

a few of the elements after the simulation is completed to investigate the effect on the 

array pattern. 

 

13. Delete the elements from the third row and third column. Only nine elements should 

remain. 

14. Solve the antenna array with the domain Green's function method (DGFM). 

Tip: Open the Solver settings dialog, click the Domain decomposition tab and 

then select the Solve model with Domain Green's Function Method (DGFM) 

check box. 
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Defining Calculation Requests 

Define the calculation requests in CADFEKO. 

Create a full 3D far field request. Sample the far field at θ=1.5° and ϕ=1.5° steps. 

 

 

a) Change the workplane origin to (1.5*lam0, 1.5*lam0, 0) to place the far field at the 

middle of the antenna array. 

 

Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretised 

representation of a geometry model or mesh model used for simulation in the Solver. 

1. Set the Mesh size equal to Standard. 

2. Set the Wire segment radius equal to wireRadius. 

3. Mesh the model. 
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Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. 

Before you start the CEM validate tool, ensure the model is meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

3. Address any modelling errors before running the Solver. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 

Note: The following warning may be encountered when running the Solver: 

Directivity cannot be computed for far field calculations involving the 

planar multilayer Green's function with losses in the dielectric layers, 

gain will be computed instead. 

Losses cannot be calculated in an infinitely large medium as is required for the 

extraction of antenna directivity information. Avoid this warning by requesting 

the far field gain instead of the directivity. Open the Request/Modify far fields 

dialog, click the Advanced tab and then click Gain. 

 

Viewing the Results 

View and post-process the results in POSTFEKO. 

1. View the 3D radiation pattern. 
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2. View the gain (in dB) of the requested far field pattern using a polar plot 

3.  

. 

3. Compare the far field pattern of the finite antenna array with the equivalent 

full MoM model. 
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Please refer the video for more clarity. 

 
https://altairuniversity.com/learning-library/feko-example-video-series-a-17-finite-

antenna-array-with-non-linear-spacing/ 
 

 

  

https://altairuniversity.com/learning-library/feko-example-video-series-a-17-finite-antenna-array-with-non-linear-spacing/
https://altairuniversity.com/learning-library/feko-example-video-series-a-17-finite-antenna-array-with-non-linear-spacing/
https://altairuniversity.com/learning-library/feko-example-video-series-a-17-finite-antenna-array-with-non-linear-spacing/
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Chapter 4: Antenna Placement 

In the recent years, the integration of communication components into various 

commercial and military platforms has increased tremendously. This makes evaluation of 

electromagnetic phenomena like antenna placement, radiation hazards, etc. necessary.  

The characteristics of an antenna is always influenced by the structures that it is mounted 

on, for example a vehicle, a ship or an airplane, etc. It is impossible to practically test the 

antenna’s characteristics on a physical platform every time because of the complexity of 

the task as well as the cost involved. Hence, simulation of such a scenario makes the 

process cost effective. Also, simulation requires less time and man power and so it 

reduces the complexity of the task. It is important to understand the variations in the 

antenna performance before and after it is mounted on the structure in order to design 

an efficient antenna. The characteristics of an antenna can be easily predicted before the 

actual installation using simulation tools. 

But simulations of such complex scenarios come with their own challenges. Modelling 

electrically large structures like an airplane or a ship require advanced solvers. Feko 

makes it possible to integrate antennas on various platforms. Feko’s hybrid solver 

technology makes it a leading tool for antenna placement as well as co-site interference 

analysis. 

To understand the importance of antenna placement simulation, lets design a monopole 

antenna in free space. Once the antenna’s performance is analyzed in free space, we’ll 

place it on a complex structure and analyze the difference in its performance. 
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Tutorial: Antenna Design in Free space 

Creating the Model 

Create the model in CADFEKO. Define any ports and sources required for the model. 

Specify the operating frequency or frequency range for the model. 

1. Define the following variables: 

• freq = 75e6 (The operating frequency.) 

• lambda = c0/freq (The wavelength in free space.) 

• groundRadius = 2 (Radius of the ground plane.) 

• wireRadius = 1e-3 (Radius of the wire.) 

 

 

2. Create the circular ground. 

a) Create an ellipse. 

• Centre point: (0, 0, 0) 

• Radius (U): groundRadius 

• Radius (V): groundRadius 

• Label: ground 
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3. Create the monopole. 

a) Create a line. 

• Start point: (0, 0, 0) 

• End point: (0, 0, lambda/4) 

• Label: monopole 



 

119 
 

 

 

4. Union ground and monopole. 

5. Add a wire port (vertex) to the start of the line. 

Tip: Use the port preview to ensure the port is located at the junction between 

the wire and the ground plane. If the port is not located at the junction, change 

the port location to End. 
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6. Add a voltage source to the port. (1 V, 0°, 50 Ω). 

 

 

7. Set the frequency to freq. 

8. Specify the symmetry about 2 principal planes. 

• X=0: Magnetic symmetry 

• Y=0: Magnetic symmetry 

Tip: Exploit model symmetries (if it exists) in a large or complex model to reduce 

computational costs. 
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Defining Calculation Requests 

Define the calculation requests in CADFEKO. 

1. Create a full 3D far field request. Sample the far field at θ=2° and ϕ=2° steps. 

2. Create a currents request (all currents). 

 

Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretised 

representation of 

a geometry model or mesh model used for simulation in the Solver. 

1. Set the Mesh size equal to Standard. 

2. Set the Wire segment radius equal to wireRadius. 

3. Mesh the model. 

 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO 

model. 

Before you start the CEM validate tool, ensure the model is meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 
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Viewing the Results 

View and post-process the results in POSTFEKO. 

1. View the total gain (in dB) in a vertical cut of the requested far field pattern 

using a polar plot. (You can reduce the dynamic range (in dB)  of the graph 

to 20 by right clicking and going to Axis Settings) 

 

2. View the 3D gain pattern in the 3D view in POSTFEKO. 
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3. View the currents on the finite ground plane. 

 

4. View the phase variation of the currents using animation. 
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Antenna Mounted on a Structure 

Now that we have designed a monopole antenna in free space, lets mount it on a 

helicopter. 

For antenna placement, use the same antenna design as discussed in the previous section. 

You can download the helicopter structure from the link attached with this book.  

Creating the model 

Open the monopole antenna model, 

1. Import geometry 

Select the helicopter.stp file and import. 

 

 

2. Define the following variables: 

• s1 = (0.003091164, 1.237179782, 3.960433095) 

3. Select the antenna and translate it to the point s1. 
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Tip: Select Cntrl+Shift to move the points while translating. 

 

 

4. Union helicopter model and monopole antenna 
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Defining Calculation Requests 

Define the calculation requests in CADFEKO. 

1. Create a full 3D far field request. Sample the far field at θ=2° and ϕ=2° steps. 

2. Create a currents request (all currents). 

 

Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretised 

representation of a geometry model or mesh model used for simulation in the Solver. 

1. Set the Mesh size equal to Standard. 

2. Set the Wire segment radius equal to wireRadius. 

3. Mesh the model. 

 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. 

Before you start the CEM validate tool, ensure the model is meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 

 

Viewing the Results 

View and post-process the results in POSTFEKO. 
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1. View the total gain (in dB) in a vertical cut of the requested far field pattern 

using a polar plot. 

 

 

2. View the 3D gain pattern in the 3D view in POSTFEKO. 
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3. Add the free space antenna model along with this model and see the 

comparison of results in the Polar graph in POSTFEKO with and without dB scale. 

You can also right click and go to Axis Settings, change the maximum dynamic 

range in dB to 20 
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4. Add the free space antenna model along with this model and see the 

comparison of results in the Cartesian graph in POSTFEKO. 

 
 

Model Decomposition for Antenna Placement 

The same process of antenna placement can be done using model decomposition as well. 

Feko enables the users to use Model Decomposition that solves the problem in just two 

steps. This is done by using equivalent representation of transmitting and receiving 

antennas. Hence, antenna geometries can be easily replaced with equivalent sources 

while yielding comparable accuracy. This approach helps in reducing computational 

requirements. 

Let’s replace our monopole antenna designed in previous section with an equivalent 

source on the helicopter model. Follow the steps below to export the fields of monopole 

antenna. 

Creating the model 

1. Open the monopole antenna model (*.cfx) discussed above 

2. Follow steps 1-8 
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Defining Calculation Requests 

Define the calculation requests in CADFEKO. 

1. Create a full 3D far field request. Sample the far field at θ=2° and ϕ=2° steps. 

2. Create a currents request (all currents). 

3. While giving calculation requests, go to the Advanced tab and Export fields to 

ASCII file (*.ffe) 
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Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretised 

representation of a geometry model or mesh model used for simulation in the Solver. 

1. Set the Mesh size equal to Standard. 

2. Set the Wire segment radius equal to wireRadius. 

3. Mesh the model. 

 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. Before you start the CEM validate tool, ensure the model is 

meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 

 

Placing Equivalent source on the structure 

1. Open the helicopter.cfx file 

2. Create a far field definition 
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3. Create a far field point source that makes use of the far field definition. 

• Position: (s1, s1, s1) 
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Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretised 

representation of a geometry model or mesh model used for simulation in the Solver. 

1. Set the Mesh size equal to Standard. 

2. Set the Wire segment radius equal to wireRadius. 

3. Mesh the model. 
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Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. Before you start the CEM validate tool, ensure the model is 

meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 

 

Viewing the Results 

View and post-process the results in POSTFEKO. 

1. View the total gain (in dB) of the requested far field pattern using a 

Cartesian plot. 

2. Compare the results of antenna placement and model decomposition. 
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Please watch the following video and try it yourself: 

 
https://altairuniversity.com/learning-library/feko-example-video-series-b-1-antenna-

coupling-on-an-electrically-large-object/ 

 

 

 

 

 

 

 

 

 

https://altairuniversity.com/learning-library/feko-example-video-series-b-1-antenna-coupling-on-an-electrically-large-object/
https://altairuniversity.com/learning-library/feko-example-video-series-b-1-antenna-coupling-on-an-electrically-large-object/
https://altairuniversity.com/learning-library/feko-example-video-series-b-1-antenna-coupling-on-an-electrically-large-object/
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Chapter 5: EMI/EMC 

There has been a significant increase in the number of electronic, electrical and 

communication systems and components in many industries during the last decade. The 

fact that the number of electronic systems is growing has increased the number of 

potential EMC issues. 

What is electromagnetic interference (EMI)? 

Any electromagnetic energy that could affect the functioning of a device can be called as 

electromagnetic interference. Such interferences can be naturally occurring events such 

as lightning. These interferences can also be from electromagnetic energy that is radiated 

from electronic devices such as cellphones, motors, etc.  

What is electromagnetic compatibility (EMC)? 

Electromagnetic compatibility, commonly known as EMC is the interaction of electronic 

equipment with their electromagnetic environments. The unintentional generation of 

electromagnetic energy often causes unwanted effects like interferences in the operation 

of any equipment. EMC is the measure of the ability of an equipment to operate when 

exposed to electromagnetic interferences. It is important that the devices operate 

without any mutual interferences. Hence the whole idea of EMC analysis is to check if an 

equipment will function satisfactorily in a common electromagnetic environment. 

To prevent the occurrence of EMC problems the government adopted stringent laws, 

forcing all manufacturers and importers of electronic goods to ensure that their products 

are electromagnetically compatible. 

EMC Simulation in virtual environments 

In order to confirm that a device meets the required EMC standards, it is necessary to test 

it. Testing of prototypes is however a challenging task when carried out physically. EMC 
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testing can be carried out both outdoors or indoors in chambers. Open area test sites 

(OATS) or chambers like anechoic or reverberation chambers are used for physical tests. 

Feko is helping OEMs and their suppliers to perform electromagnetic simulations of EMC 

for design, validation and analysis. In some markets, such as automotive, development 

processes are changing from measurement driven to simulation driven, since fewer 

prototypes are available and there is less time for measurement and testing. 

Feko is not only be used to predict emission and immunity performance, but also in the 

product design phase to mitigate problems due to external or co-site interfaces. Feko is 

used extensively for immunity and radiated emissions testing, shielding effectiveness, 

noise coupling, radiation hazard (RADHAZ) analysis, electromagnetic pulses (EMP), 

lightning analysis, high intensity radiated fields (HIRF), reverberation and anechoic 

chamber simulations.  Figure shows the modelling of the EMC setup for radiated 

immunity. 
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Tutorial: Calculating Field Coupling into a Shielded 

Cable 

In the automotive industry, the number electronic systems and sub-systems in a vehicle 

are growing while their potential EMC issues need to be mitigated. These electronic 

systems and antennas often are the main contributors to radiated emissions in the 

vehicles. 

The example below shows how to calculate the coupling between a monopole antenna 

and a nearby shielded cable that follows an arbitrary path above a ground plane in Feko. 

Feko offers a separate cable modelling tool integrated into CADFEKO. MTL and the 

combined MoM/MTL methods are available for cable analysis. 

 In this case, the cable analysis method is used to analyze the cable harness. This method 

first solves the model without the cable and then calculates the coupling into the cable 

using the cable transfer impedance. 

 

Note: The cable can also be modelled using the full MoM solver method. For complex 

cables, the memory requirement and solution time will increase by several orders of 

magnitude. 

 

Creating the Monopole and Ground Plane 

Create a monopole antenna and infinite PEC ground plane. 

1. Define the following variables: 

• fmin = 1e6 (The minimum frequency.) 

• fmax = 35e6 (The maximum frequency.) 

• wireRadius = 1e-3 (The wire radius of the monopole.) 

2. Create the monopole. 

a) Create a line. 
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• Start point: (0, 0, 0) 

• End point: (0, 0, 10) 

3. Add a wire port (segment) to the base of the line. 

4. Add a voltage source to the port. (1 V, 0°, 50 Ω). 

5. Set the total source power (no mismatch) to 10 W. 

6. Add a PEC ground plane. 

Creating the Shielded Cable, Connections and Terminations 

Create a cable path section with cable harness. Create the connections and terminations 

in the schematic view. Set the frequency. 

1. Create a cable path with the following (x, y, z) corners: 

1. Corner 1: (0, 2, 0.01) 

2. Corner 2: (10, 2, 0.01) 

3. Corner 3: (10, 5, 0.01) 

4. Corner 4: (7, 8, 0.01) 

5. Corner 5: (0, 8, 0.01) 

2. Create a cable harness. 

A typical harness consists of multiple cables routed along a defined cable path. 

3. Create two cable connectors for both ends of the cable path. Rename their labels to 

startConnector and endConnector. Both connectors will have two pins; one that is live 

and one for ground (cable shield). 

4. Select RG58 from the list of predefined and standard coaxial cable types. 



 

140 
 

 

 

5. Create a cable instance that runs from startConnector to endConnector. 

• Connect the two live pins. Ensure the live pins connect to the center conducting 

wire. 

• Connect the two ground pins. Ensure the ground pins connect to the outer 

shielding of the cable. 

• Verify that the connections are correct by looking at the labels in the preview. 
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6. Open the CableHarness1 schematic view. 

• Add a 50 Ω complex load to each connector to terminate the cable.  

• The load must be connected between the live and ground pins. 

• Connect the outer shields of the cables (ground pins) to the global ground in the 

schematic view. 

7. Set a continuous frequency range from fmin to fmax. 

Following figure shows the final setup of monopole antenna on a ground plane with a 

cable. 
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Defining Calculation Requests 

• Define the calculation requests in CADFEKO. 

• Add a voltage probe over the load termination at the connector with label 

startConnector. 

 

Tip: If the port impedance or power is of interest, a current probe must be requested 

in series to the terminating load. The values can then be derived using Ohm’s law. 

 

Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretized 

representation of 

a geometry model or mesh model used for simulation in the Solver. 

• Set the Mesh size equal to Standard. 

• Set the Wire segment radius equal to wireRadius. 

• Mesh the model. 

 



 

143 
 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. 

Before you start the CEM validate tool, ensure the model is meshed. 

• Run CEM validate. 

• Investigate any warnings / errors found by the CEM validate tool. 

• Address any modelling errors before running the Solver. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

• Run the Solver. 

• Investigate any warnings/errors found by the Solver (if applicable). 

• Address any errors and rerun the Solver (if applicable). 

 

Viewing the Results 

• View and post-process the results in POSTFEKO. 

• View the voltage over the terminating load on a Cartesian graph. 

 

Voltage induced in a terminated shielded cable by an external source 
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Please watch the following video for the design workflow process: 

 

https://altairuniversity.com/learning-library/feko-example-video-series-d-2-calculating-

field-coupling-into-a-shielded-cable/ 

 

 

Antenna Radiation Hazard (RADHAZ)  

Electromagnetic radiation can be potentially damaging to human beings if the exposure 

limits exceed. Energy from transformers, power lines or cellphones are some of the 

examples of electromagnetic radiation hazards. Different types of electromagnetic 

radiations like microwave, infrared, ultraviolet, x-rays, gamma rays, etc. can cause 

medical conditions like tissue damage, mutation, damage to cornea, cataract, etc. Hence 

it should be ensured that all communication equipment or devices follow the safety 

standards. Feko is ideally suited to radiation hazard investigations in all these scenarios. 

figure shows an example of combined maximum exposure isosurfaces as well as 

percentage exposure levels when 3 transmitters are placed on a vehicle. 

https://altairuniversity.com/learning-library/feko-example-video-series-d-2-calculating-field-coupling-into-a-shielded-cable/
https://altairuniversity.com/learning-library/feko-example-video-series-d-2-calculating-field-coupling-into-a-shielded-cable/
https://altairuniversity.com/learning-library/feko-example-video-series-d-2-calculating-field-coupling-into-a-shielded-cable/
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Let’s see an example to calculate the safety zones around a Yagi-Uda antenna based on 

radiation INIRC88 and NRPB89 standards. Let’s calculate a full 3D near field cube of the 

antenna's immediate surroundings. Use math scripts to identify the safety zones. 

 

Note: The INIRC (International Non-ionizing Radiation Committee) and NRPB (The UK 

National Radiological Protection Board) provide standards that determine safe 

radiation thresholds. These standards are typically frequency dependent and defined 

in a piece-wise manner. 

 

Creating the Model 

Create the model in CADFEKO. Define any ports and sources required for the model. 

Specify the operating frequency or frequency range for the model. 

1. Define the following variables. 

• freq = 1e9 (The operating frequency.) 

• fmin = 0.4e9 (The minimum frequency.) 

• fmax = 1.5e9 (The maximum frequency.) 

• lambda = c0/freq (The frequency for free space wavelength.) 

• L0 = 0.2375 (Length of the reflector element in wavelengths.) 

http://innovationintelligence.com/wp-content/uploads/2016/07/image_5.png
http://innovationintelligence.com/wp-content/uploads/2016/07/image_5.png
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• L1 = 0.2265 (Length of the driver element in wavelengths.) 

• L2 = 0.223 (Length of the first director element in wavelengths.) 

• L3 = 0.223 (Width of the second director element in wavelengths.) 

•S0 = 0.3 (Spacing between the reflector and driver element in wavelengths.) 

• S1 = 0.3 (Spacing between the driver element and first director element.) 

• S2 = 0.3 (Spacing between directors.) 

• r = 0.1e-3 (Wire radius in mm.) 

 

 

2. Create the dipole (driven element) of the Yagi-Uda antenna. 

a) Create a line. 

• Start point: (0, 0, -L1*lambda) 

• End point: (0, 0, L1*lambda) 

b) Add a wire port (vertex) to the middle of the line. 

c) Add a voltage source to the port. (1 V, 0°, 50 Ω). 
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3. Create the reflector of the Yagi-Uda antenna. 

a) Create a line. 

• Start point: (-S0*lambda, 0, -L0*lambda) 

• End point: (-S0*lambda, 0, L0*lambda) 

4. Create the first director of the Yagi-Uda antenna. 

a) Create a line. 

• Start point: (S1*lambda, 0, -L2*lambda) 

• End point: (S1*lambda, 0, L2 *lambda) 

5. Create the second director of the Yagi-Uda antenna. 

a) Create a line. 

• Start point: ((S1+S2) *lambda, 0, -L3*lambda) 

• End point: ((S1 + S2) *lambda, 0, L3*lambda) 

6. Set the incident power as follows: 

a) Select Incident power (transmission line model). 

b) Source power (Watt): 25 

c) Real part of Z0: 50 

7. Set the continuous frequency range from fmin to fmax. 

8. Specify the symmetry about 2 principal planes. 

• Y=0: Magnetic symmetry 

• Z=0: Electric symmetry 
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Tip: Exploit model symmetries (if it exists) in a large or complex model to reduce 

computational costs. 

 

Defining Calculation Requests 

Define the calculation requests in CADFEKO. 

Create a near field request. 

• Definition method: Cartesian 

• Select Specify number of points from the list. 

• Start: (-0.6, -0.6, -0.6); End: (1.2, 0.6, 0.6) 

• Number of field points: (20, 10, 10) 

 

Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretized 

representation of a geometry model or mesh model used for simulation in the Solver. 

1. Set the Mesh size equal to Standard. 

2. Set the Wire segment radius equal to r. 
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Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. Before you start the CEM validate tool, ensure the model is 

meshed. 

1. Run CEM validate and investigate any warnings / errors found by the CEM 

validate tool. 

3. Address any modelling errors before running the Solver. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver and investigate any warnings/errors found by the Solver (if 

applicable). 

2. Address any errors and rerun the Solver (if applicable). 

 

Viewing the Results 

View and post-process the results in POSTFEKO. Please watch the following video for the 

design workflow process: 

 

https://altairuniversity.com/learning-library/feko-example-video-series-d-4-antenna-

radiation-hazard-radhaz-safety-zones/ 

https://altairuniversity.com/learning-library/feko-example-video-series-d-4-antenna-radiation-hazard-radhaz-safety-zones/
https://altairuniversity.com/learning-library/feko-example-video-series-d-4-antenna-radiation-hazard-radhaz-safety-zones/
https://altairuniversity.com/learning-library/feko-example-video-series-d-4-antenna-radiation-hazard-radhaz-safety-zones/
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Chapter 6: Radar Cross Section 

(RCS) 

Radar Cross Section prediction and measurement has been one of the challenging 

domains for engineers since the early years of World War II. Although a lot of 

development has been made over the years, Radar Cross Section predictions still lead to 

complex computations. Hence computational tools have become a reliable source to 

overcome the difficulties. 

When a target is illuminated by an electromagnetic wave, energy is dispersed in all 

directions. This dispersion of energy in all directions is called Scattering. The measure of 

a target’s ability to reflect the radar signals in the direction of the receiver is known as 

Radar Cross Section. In other words, it is the measure of how easy it is to observe the 

target by radar. The larger the RCS, the more detectable the target. The RCS of a target 

can be viewed as a relative term. It is the ratio of strength of the reflected signal from a 

target to the reflected signal from a perfectly smooth sphere of cross-sectional area of 1 

m2 
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The radar cross section is given by, 

 

 

Where, 

R = radar range 

Er = Reflected field strength 

Ei = Incident field strength 

The amount of energy that is reflected back by the target depends on the following 

factors: 

• The material of the target 

• The size and physical geometry of the target 

• The incident angle at which the radar signal hits the target 

• The reflected angle at which the radar signals reflect and leave the target surface 

• The polarization of the transmitted and received radar signals 

The measurement of the RCS of a target requires the target to be illuminated by an 

electromagnetic plane wave and the resultant scattered signal to be observed in the far 

field. 
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6.1: Monostatic and Bistatic Radar Cross Section 

The radar cross section is mainly a function of the angle of incidence of the radar signal. 

When the transmitting antenna is the same as the receiving antenna, it is a case of 

monostatic backscattering. This is one of the most common types of RCS measurements 

used in the radar system. Figure shows the situation of a monostatic radar cross section 

measurement. 

 

Monostatic RCS 

In case if the transmitting antenna and the receiving antenna are separated by a distance, 

the bistatic cross section is observed. Figure shows the bistatic RCS case. 

 

Bistatic RCS 
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Tutorial: RCS and Near Field of a Dielectric Sphere 

Let’s see an example of Bistatic Radar Cross Section and Near fields of a Dielectric Sphere 

in Feko. Here, the near fields inside and outside of a dielectric sphere are computed using 

the surface equivalence principle (SEP). 

Creating the Model 

Create the model in CADFEKO. Define any ports and sources required for the model. 

Specify the operating frequency or frequency range for the model. 

1. Define the following variables: 

• lambda = 20 (The wavelength in free space.) 

• freq = c0/lambda (The operating frequency.) 

• radius = 1 (Sphere radius.0) 

• epsilon = 36 (Relative permittivity.) 
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2. Create a new dielectric labeled diel with relative permittivity 

set to epsilon. 

 

 

 

 

 

3. Create a sphere. 

• Definition method: Centre, radius 

• Centre: (0, 0, 0) 

• Radius: Radius 
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4. Set the region of the sphere to diel. 

5. Add a single incident plane wave with θ=180° and ϕ=0°. 

6. Set the frequency to freq (≈15 MHz) 

The geometry is symmetric about the 3 principal planes, but the source is not 

symmetrical. The electric fields of the incident plane wave are purely X directed for the 

chosen incident angle. 

7. Specify the symmetry about 3 principal planes: 

a) X=0: Electric symmetry 

b) Y=0: Magnetic symmetry 

c) Z=0: Geometric symmetry 

 

Defining Calculation Requests 

Define the calculation requests in CADFEKO. 

1. Create a vertical far field request (0°≤θ≤180°, with ϕ=0°). Sample the far field at θ=2° 

steps. 

2. Create a near field request along the Z axis. 

a) Definition method: Cartesian 

b) Select Specify number of points from the list. 

c) Start: (0, 0, -2*radius) 

d) End: (0, 0, 2*radius) 

e) Number of field points: (1, 1, 80) 
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Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretised 

representation of a geometry model or mesh model used for simulation in the Solver. 

1. Create the mesh by using the custom mesh setting. 

a) Triangle edge length: 0.2. 

b) Tetrahedron edge length: Not applicable 

c) Wire segment radius: Not applicable 

 

Note: Since the wavelength at the simulation frequency is large compared to the size 

of the model, we need to mesh the model such that it accurately represents a sphere. 

A triangle edge length of 0.2 results in a mesh that accurately represents the sphere. 
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2. Mesh the model. 

 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. 

Before you start the CEM validate tool, ensure the model is meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

3. Address any modelling errors before running the Solver. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 

 

Viewing the Results 

View and post-process the results in POSTFEKO. 

1. Plot the near field along the Z axis.  

Note: You can compare between the exact and the computed near field 

results with the literature reference (C. A. Balanis, Advanced Engineering 

Electromagnetics, Wiley, 1989, pp. 607.). The results agree well with the 

literature reference. 
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Please watch the following video for the design workflow process: 
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https://altairuniversity.com/learning-library/feko 

-example-video-series-c-2-rcs-and-near-field-of-a-dielectric-sphere/ 

  

https://altairuniversity.com/learning-library/feko-example-video-series-c-2-rcs-and-near-field-of-a-dielectric-sphere/
https://altairuniversity.com/learning-library/feko-example-video-series-c-2-rcs-and-near-field-of-a-dielectric-sphere/
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Chapter 7: Waveguides and RF 

Circuits 

7.1 Waveguides 

Waveguide is a structure that transports electromagnetic waves from one point to the 

other with minimal loss of energy. It is a hollow structure. Waveguides have been widely 

used since the first space communications. Driven by its use in the defense, aerospace, 

marine and communications industries, the technology is continuously evolving. Recent 

advances in technology require accurate and compact waveguide components at higher 

frequencies, while maintaining a cost-effective solution. Some of the common 

applications of waveguides are in radars, microwave ovens, connecting the feed of 

antennas to other electronics, medical instruments, etc. 

 

J. J. Thomson was the first one to propose structure for guiding waves in 1893 while 

Jagdish Chandra Bose, a renowned scientist from India used waveguides for his research 
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in millimeter wavelengths in 1897. The importance on research of waveguides was given 

after the use of radars in World War II.  

 

Basics of Waveguides 

Electromagnetic waves are nothing but electric and magnetic fields that are propagating 

perpendicular to each other along the direction of travel. This mode of transmission, 

where electric field and magnetic field are perpendicular to each other and transverse 

to direction of propagation is known as the TEM or Transverse Electric and Magnetic 

mode. But this mode can only exist in two-conductor transmission lines. In single 

conductor transmission line like the waveguide, only a single field (either electric or 

magnetic) will be transverse along the direction of propagation. These transverse modes 

are classified into the following: 

• TE (transverse electric) mode- Having no electric field in the direction of 

propagation 

• TM (transverse Magnetic) mode- having no magnetic field in the direction of 

propagation. 

• TEM (transverse electromagnetic) mode- having no electric nor magnetic field in 

the direction of propagation. 

• Hybrid- modes have both electric and magnetic field components in the direction 

of propagation 
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•  

Each mode is characterized by a cut-off frequency. Hence, the waveguide only allows the 

waves above the cut-off frequency to pass through it. The rest of the waves are 

attenuated. 

The cut-off frequency depends on the following factors: 

• Size of cross section 

• Shape of cross section 

The two most common types or shapes of waveguide cross sections are the rectangular 

and circular waveguides. 

The cut-off frequency for a rectangular waveguide is given as 

𝑓𝑐 =
1

2𝑎√𝜇𝜀
=

𝑐

2𝑎
 

Where, 

a= length of the larger dimension (meters) 

c= speed of light 

𝜇= permeability 

𝜀= permittivity 



 

163 
 

The cut-off frequency for a circular waveguide is given as 

𝑓𝑐 =
1.8412

2𝜋𝑎√𝜇𝜀
=

1.8412𝑐

2𝑎
 

Where, 

a= radius of cross section (meters) 

c= speed of light 

𝜇= permeability, and  𝜀= permittivity 

A lot of waveguide components like circulators, isolators, couplers, combiners and 

dividers, etc. are used for several applications. Now that we have some basic idea about 

waveguides, let’s design a stepped waveguide cross section using Feko. One waveguide is 

in Ku-band while another is in X-band. 

  



 

164 
 

7.2: S-Parameter Coupling in a Stepped Waveguide 

Section 

Let’s calculate the transmission and reflection for a stepped waveguide transition from 

the Ku- to X-band. Two solver methods will be used here, the Method of Moments 

(utilising waveguide ports) and the Finite Element Method (utilising FEM modal ports). 

 

The waveguide consists of a Ku-band section and an X-band section. Only the H10 mode 

with cutoff frequency, 𝑓𝑐 =
𝑐0

2𝑎
= 9.4871 GHz is considered. 

The Ku-band section dimensions are as follows: 

• a = 15.8 mm 

• b = 7.9 mm 

The X-band section dimensions are as follows: 

• a = 22.9 mm 

• b = 10.2 mm 

Here, we will calculate S-parameters from the cutoff frequency to 15 GHz. 
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Tutorial: S-Parameter Coupling in a Stepped 

Waveguide Section (MoM) 

Calculate the transmission and reflection for the waveguide with the method of 

moments. Use waveguide ports for the sources. 

 

Creating the Model 

1. Set the model unit to millimeters. 

2. Define the following variables: 

• a1 = 15.8 (width of Ku section.) 

• b1 = 7.9 (height of Ku section.) 

• l1 = 12 (length of Ku section.) 

• a2 = 22.9 (width of X section.) 

• b2 = 10.2 (height of X section.) 

• l2 = 12 (length of X section.) 

• fmin = 9.4872e9 (minimum calculation frequency.) 

• fmax = 15e9 (maximum calculation frequency.)  
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0 

Note: fmin is just above the cutoff frequency for the Ku band waveguide section. 

 

3. Create the Ku band section. 

a) Create a cuboid 

• Base corner (C): (-a1/2, -l1, -b1/2) 

• Width (W): a1 

• Depth (D): l1 

• Height (H): b1 
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4. Create the X band section. 

a) Create a cuboid. 

• Base corner (C): (-a2/2, 0, -b2/2) 

• Width (W): a2 

• Depth (D): l2 

• Height (H): b2 

 

 

 

 

 

 

5. Union both cuboids. 

6. Set the both regions to free space. 

7. Simplify the part. 

Tip: The simplify tool will remove the face at the junction between the two cuboids. 

Alternately, use face selection to manually delete this face. The free space setting will 

change the region from solid PEC to vacuum. 

 

8. Rename the face at the end of the Ku band section to Port1 and the face for the X band 

section to Port2.   

9. Add waveguide ports to the faces with labels Port1 and Port2. 
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Tip: To calculate the magnitude of the coupling, the phase is not required. For 

accurate phase results the reference vector needs to be set with the same orientation 

for both ports. 

 

10. Check that the propagation direction of each waveguide port is set inwards. 

11. Set the frequency. 

• Continuous interpolated range. 

• Start frequency (Hz): fmin 

• End frequency (Hz): fmax 

12. Set magnetic symmetry in the X=0 plane and electric symmetry in the Z=0 plane. 

 

Defining Calculation Requests 

• Define the calculation requests in CADFEKO. 

• Create a Multiport S-parameter request. 

a) Set Port 1 as the active port; Include Port 2 but set this port as inactive. 

b) For the Properties tab choose Fundamental. 

 

Tip: Every active port in the S-parameter request is treated as a new source. Every 

new source requires a new solution, increasing the runtime. 

 

 

Port 1 Port 2 



 

169 
 

Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretized 

representation of a geometry model or mesh model used for simulation in the Solver. 

1. Set the Mesh size equal to Fine. 

2. Mesh the model. 

 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. Before you start the CEM validate tool, ensure the model is 

meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

3. Address any modelling errors before running the Solver. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 
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Tutorial: S-Parameter Coupling in a Stepped 

Waveguide Section (FEM) 

Calculate the transmission and reflection through the waveguide with the finite element 

method. Use FEM modal ports for the source. Modify the model from S-Parameter 

Coupling in a Stepped Waveguide Section (MoM). 

 

Creating the Model 

Create the model in CADFEKO. Define any ports and sources required for the model. 

Specify the operating frequency or frequency range for the model. 

1. Delete the waveguide ports. 

2. Create a dielectric medium: 

• Label: air 

• Relative permittivity: 1 
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3. Set the Region medium of the waveguide to air. 

Note: The FEM solver uses tetrahedral volume meshing. To mesh the volume of the 

waveguide into tetrahedra, a dielectric of air is created. 

 

4. Change the solver to use the FEM. 

Tip: Open the Region properties dialog and click the Solution tab. From the 

Solution method list select Finite Element Method (FEM). 

 

5. Create FEM modal ports on the faces for Port1 and Port2. 

    

 

6. Set all the faces of the model, except the port faces, to PEC. 

Note: FEM modal port faces must be of the dielectric type. 

 

Defining Calculation Requests 

Define the calculation requests in CADFEKO. 



 

172 
 

Create a Multiport S-parameter request. 

a) Set Port 1 as the active port 

b) Include Port 2 but set this port as inactive. 

 

Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretized 

representation of 

a geometry model or mesh model used for simulation in the Solver. 

1. Set the Mesh size equal to Fine. 

2. Mesh the model. 

 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO 

model. 

Before you start the CEM validate tool, ensure the model is meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

3. Address any modelling errors before running the Solver. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 

 

Viewing the Results 

View and post-process the results in POSTFEKO. 
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Plot S11 and S21 for both models on a Cartesian graph 

 

 
Please watch the following video for the design workflow process: 

 
https://altairuniversity.com/learning-library/feko-example-video-series-e-2-s-

parameter-coupling-in-a-stepped-waveguide-section/ 

https://altairuniversity.com/learning-library/feko-example-video-series-e-2-s-parameter-coupling-in-a-stepped-waveguide-section/
https://altairuniversity.com/learning-library/feko-example-video-series-e-2-s-parameter-coupling-in-a-stepped-waveguide-section/
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Chapter 8: Radomes 

A radome is an enclosed structure that protects a radar system or an antenna. The name 

Radome is an acronym of the words “radar” and “dome”. The development of radar 

system started during the second World War. The first radars were designed without any 

housings. Later, when radars were implemented on aircrafts, radomes were designed to 

protect the antenna from the surrounding environmental effects like rain, snow, wind, 

high or low temperatures, dust etc. without disturbing the antenna performance. Today 

radomes are used for a variety of applications in telecom industries, air traffic control, 

satellite communication, etc. 

 

The design of radome should be such that it minimally attenuates the electromagnetic 

signal transmitted or received by the antenna/radar system. It should typically have a very 

small effect on the antenna performance. Hence the radome should be ideally such that 

it is transparent to electromagnetic radiation and structurally strong. Radomes can be of 

various sizes and shapes (spherical, planar, etc.) depending upon their applications. 

Different materials can be used for constructing the radomes like wood, plastic, fabrics, 

etc. In case of spinning radars, the radomes protect the antennas from debris and 

rotational problems due to the wind. The design of radomes is challenging because of 
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their electrically large structures and multiple thin dielectric layers. However, Feko offers 

a range of features and methods that are well suited for the simulation and analysis of 

radomes. 

 

8.1: Radome Types 

Radomes can be classified into various types. Although on the basis of its wall 

construction, radomes can be mainly divided two types, 

1. Monolithic radomes 

2. Sandwich radomes 

 

 

 

 

 

 

 

 

 

 

The Monolithic Radome has only a single layer of material. The A or B Sandwich type 

Radome has 3 layers, the layer with ε
2 
is sandwiched between layers with ε

1., as shown in 

the figure above. The A-Sandwich has two outer layers having higher dielectric than the 

A or B 

 ε1   ε1  ε2 

C 

 ε1   ε1   ε1  ε2 ε2 

Monolithic Sandwich Design 
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inner core. This configuration offers more bandwidth than the monolithic radomes as well 

as a higher strength-to-weight ratio. Similarly, the B-sandwich radome consists of two 

outer layers having a lower dielectric constant than the core material. This configuration 

provides equal transmission for both perpendicular and parallel polarizations. The C-

Sandwich type radome consists of 5 layers having 2 A-Sandwich layers back-to-back 

without any gaps between them and hence providing the best strength-to-weight ratio. 

The following are the design parameters for different sandwich designs: 

• A-Sandwich ε1 > ε2 

• B-Sandwich ε1 < ε2 

• C-Sandwich ε1 > ε2 

 
Apart from these wall constructions, there are multilayered radomes consisting of 

multiple layers with different dielectrics. They provide wider bandwidths and good 

structural reliability. 

 

8.2: Factors Affecting Radome 

The radome performance is determined on the basis of following parameters: 

• Boresight error (BSE)- The incident signal bends due to the radome wall, causing 

a change in angle of arrival of received signal from its actual angle of arrival. 

• Insertion loss - Reduction in the signal strength of the antenna due to the 

presence of radome. 

• Depolarization radiation- The wall curvature induces effects in the polarization 

of the waves from primary polarization to orthogonal polarization. 

• Increase in sidelobe levels – The radome wall can reflect and scatter the signals 

which can cause unwanted sidelobes from the main beam. 

Moreover, the factors that affect the radome are: 
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• Radome wall thickness- In General, Thin Walls are Considered to be Better 

• Radome wall design- Number of Layers and Thickness of Each Layer Affects the 

Radome 

• Radome shape-Curvature Affects the Radome 

• Selection of Radome materials- Permittivity of Each Layer Affects the Radome 

The material type as well the electrical properties of the material affect the radome 

performance greatly. Transmission loss serves as a key design criterion in selecting 

wall construction materials irrespective of the radome style.  

Let’s take a look at an example to see how the transmission loss changes for various 

incident angles over a broad range of frequencies. 
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Tutorial: Transmission Loss analysis in a Radome 

wall 

Let’s create an A-sandwich type radome wall with Quartz polycyanate and Phenolic 

honeycomb. The transmission loss shall be analyzed for different angles between 1 GHz 

to 25GHz. 

 

Creating the Model 

 

Create the model in CADFEKO. Define any ports and sources required for the model. 

Specify the operating frequency or frequency range for the model. 

1. Define the following variables: 

• d1 = 0.000762 (Thickness of Phenolic honeycomb) 

• d2 = 0.01016 (Thickness of Quartz polycyanate) 

• epsr1 = 3.23 (Permittivity of Phenolic honeycomb) 

• epsr2 = 1.10 (Permittivity of Quartz polycyanate) 

• tand1 = 0.016 (Dielectric loss tangent of Phenolic honeycomb) 

• tand2 = 0.001 (Dielectric loss tangent of Quartz polycyanate) 

• fmin = 1e9 (The minimum frequency.) 

• fmax = 25e9 (The maximum frequency.) 
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3. Create a new dielectric with epsr1 and tand1, name it Quartz Polycyanate 

4. Create a new dielectric with epsr2 and tand2, name it Phenolic Honeycomb 

5. Create a Planar multilayer substrate 

• Layer 1: Thickness=d1, Medium= Quartz_polycyanate 

• Layer 2 Thickness=d2, Medium= Phenolic_honeycomb 

• Layer3 Thickness=d1, Medium= Quartz_polycyanate 
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6. Add a plane wave source with loop over multiple directions with θ=0° to θ=90° and 

ϕ=0°. 

7. Set a continuous frequency range from fmin to fmax. 

 

Defining Calculation Requests 

Define the calculation requests in CADFEKO. This model considers the transmission and 

reflection coefficients for an incident plane wave. 

1. Request a Transmission/reflection coefficients request with the phase origin at 

(0, 0, 0). 



 

181 
 

 

 

Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretised 

representation of a geometry model or mesh model used for simulation in the Solver. 

1. Create the mesh by using the Standard auto-mesh setting. 

2. Mesh the model. 

 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. 

Before you start the CEM validate tool, ensure the model is meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

3. Address any modelling errors before running the Solver. 

 

Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 
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Viewing the Results 

View and post-process the results in POSTFEKO. 

1. View the total computed transmission coefficients for different incident angles. 

 

 

8.3: Specialty Radomes 

There is a special case of radomes that use Frequency Selective Surface (FSS) for the 

radome walls. The FSS Radome is one such specialty radome. Frequency Selective 

surfaces are thin repetitive surfaces that either reflect, transmit or absorb 

electromagnetic radiation. Hence, they act as filters.  
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FSS radomes are useful to reduce the radar cross section over a wide range of frequencies. 

This is due to the filtering (bandpass/bandstop) characteristics. Let’s take an example of 

a Jerusalem Cross FSS structure and design it using Feko. 
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Tutorial: Periodic Boundary Conditions for FSS 

Characterization 

Calculate the transmission and reflection coefficients for a Jerusalem cross FSS (frequency 

selective surface) structure. The cross is modelled with a periodic boundary condition and 

is excited with an incident plane wave. 

 

A basic optimisation setup is included with the example. The optimisation is added to 

determine the optimal geometrical parameters to maximise the reflection and minimise 

transmission at 8 GHz. 

 

Tip: Change the frequency to a Single frequency at 8 GHz to perform the optimisation. 

Optimisation is not supported in conjunction with a continuous frequency range. 

 

Creating the Model 

Create the model in CADFEKO. Define any ports and sources required for the model. 

Specify the operating frequency or frequency range for the model. 
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1. Define the following variables: 

• Set the model unit to millimetres (mm). 

• d = 15.2 (The spacing for periodic boundary condition.) 

• fmin = 2e9 (The minimum frequency.) 

• fmax = 12e9 (The maximum frequency.) 

• armLength = 13.3 (The arm length of the cross.) 

• armWidth = 1.9 (The arm width of the cross.) 

• stubLength = 5.7 (Stub length at the end of the cross.) 

• stubWidth = armWidth (Stub width at the end of the cross.) 

 

 

 

2. Create the main arm of the cross. 

a) Create a rectangle centred at the origin. 

• Definition method: Base centre, width, depth 

• Base centre: (0, 0, 0) 

• Width: armWidth 

• Depth: armlength 
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3. Create the stub rectangle. 

a) Create a rectangle centred at the origin. 

• Definition method: Base centre, width, depth 

• Base centre: (0, 0, 0) 

• Width: stubLength 

• Depth: stubWidth 

4. Translate the stub rectangle as follows: 

• From: (0, -stubWidth/2, 0) 

• To: (0, -6.65, 0) 
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5. Copy and mirror the stub across the XZ plane. 

There should now be a stub at each end of the main arm. 

6. Copy and rotate all the parts by 90°. 

7. Union all the parts and simplify Union1. 

8. Add a single incident plane wave with θ=0° and ϕ=0°. 

9. Set a continuous frequency range from fmin to fmax. 
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Defining Calculation Requests 

Define the calculation requests in CADFEKO. This model considers the transmission and 

reflection coefficients for an incident plane wave. 

 

1. Request a Transmission/reflection coefficients request with the phase origin at 

(0, 0, 0). 

 

 

2. Define a 2D periodic boundary condition. 

a) Start point: (-d/2, -d/2 ,0) 

b) End point of first vector: (d/2, -d/2 ,0) 

c) End point of second vector: (-d/2, d/2 ,0) 

d) For Phase shift select Determine from plane-wave excitation. 
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Meshing the Model 

Create the model mesh in CADFEKO using the correct settings. A mesh is a discretised 

representation of a geometry model or mesh model used for simulation in the Solver. 

1. Create the mesh by using the Standard auto-mesh setting. 

2. Mesh the model. 

 

Validating the Model 

Run the computational electromagnetic (CEM) validate tool to perform basic validation 

on the CADFEKO model. 

Before you start the CEM validate tool, ensure the model is meshed. 

1. Run CEM validate. 

2. Investigate any warnings / errors found by the CEM validate tool. 

3. Address any modelling errors before running the Solver. 
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Running the Altair Feko Solver 

Run the Solver to compute the calculation requests. 

1. Run the Solver. 

2. Investigate any warnings/errors found by the Solver (if applicable). 

3. Address any errors and rerun the Solver (if applicable). 

 

Viewing the Results 

View and post-process the results in POSTFEKO. 

View the total computed transmission and reflection coefficients. 

 

Please watch the following video for the design workflow process: 
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https://altairuniversity.com/learning-library/feko-example-video-series-c-4-periodic-

boundary-conditions-for-fss-characterisation/ 

 

  

https://altairuniversity.com/learning-library/feko-example-video-series-c-4-periodic-boundary-conditions-for-fss-characterisation/
https://altairuniversity.com/learning-library/feko-example-video-series-c-4-periodic-boundary-conditions-for-fss-characterisation/
https://altairuniversity.com/learning-library/feko-example-video-series-c-4-periodic-boundary-conditions-for-fss-characterisation/
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Appendix A: Launching Feko 

How to launch CADFEKO (Windows)? 

There are several options available to launch CADFEKO in Windows. Launch CADFEKO 

using one of the following workflows: 

 
 

 

How to launch CADFEKO (Linux)? 

There are several options available to launch CADFEKO in Linux. Launch CADFEKO using 

one of the following workflows: 

Open CADFEKO using the launcher utility.

Open CADFEKO by double-clicking on a .cfx file.

Open CADFEKO from other components, for example, 
from inside POSTFEKO or EDITFEKO

Note: If the application icon is used to launch CADFEKO, no model is loaded, and the start page is shown. 

Launching CADFEKO from other Feko components automatically loads the model. 
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.  

 

For more information regarding installation and launching of Feko, kindly refer the user 

manual. 

 

 

 

 

 

 

 

 

 

 

Open CADFEKO using the launcher utility.

Open a command terminal. Use the absolute path to the location where the 
CADFEKO executable resides (for example, 

/home/user/2018/altair/feko/bin/cadfeko).

Open a command terminal. Source the “initfeko” script using the absolute path to it 
(for example, /home/user/2018/altair/feko/bin/initfeko). Sourcing initfeko ensures 
that the correct. FEKO environment is configured. Type CADFEKO  and press Enter.

Note: Take note that sourcing a script requires a dot (".") followed by a space (" ") and then the path to 

initfeko for the changes to be applied to the current shell and not a sub-shell. 
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Appendix B: CADFEKO GUI 

Start Pages 

The Feko start page is displayed when starting a new instance (no models are loaded) of 

CADFEKO, EDITFEKO or POSTFEKO. The start page provides quick access to Create a new 

model, Open an existing model and a list of Recent models. 

You can find links to the documentation (in PDF format), introduction videos and website 

resources are available on the start page. Click the          to launch the Feko help. 

 

 

 

 

 The CADFEKO start page. 
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User Interface Layout 

Let’s view the main elements and terminology in the CADFEKO graphical user interface 

(GUI). 

 

 

1. Quick access toolbar 

The quick access toolbar is a small toolbar that gives quick access to actions that are 

performed often. The actions available on the quick access toolbar are also available via 

the ribbon. The quick access toolbar includes: New, Open, Save, Undo and Redo. 

 

2. Ribbon 

The ribbon is a command bar that groups similar actions in a series of tabs. The ribbon 
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consists of the application menu, core tabs and contextual tab sets. 

 

3. Configuration list 

The configuration list is a panel that displays all defined configurations in the model. A 

new model starts by default with a single standard configuration. The following 

configuration types are supported: Standard configuration, Multiport S-parameter 

configuration and Characteristic modes configuration.

 

 

 

4. Model tree 

The model tree is a panel that organizes the model-creation hierarchy and configuration- 

specific items of the model into two separate tabs at the top of the panel. A right-click 

context menu is available for all items in the model tree. You can double-click on an item 

to open its properties. 

Variables, media and named points are listed in both the Construction tab and the 

Configuration tab to provide quick access. 

a. Construction tab 

The Construction tab lists the model-creation hierarchy in a tree format. 

 

 

b. Configuration tab 

The Configuration tab lists the configuration-specific items in a tree format. 

 

 

 

Tip: Multiple configurations allow you to perform efficient simulations using different 

configurations (different loads, sources, frequencies or power scaling) in a single model. 

 

Note: Select a geometry or mesh part on the Construction tab and in the details tree (5), modify its 

wire / edge / face / region properties, solution settings and custom mesh settings. 

 

Note: Select a configuration in the configuration list (3) and view its configuration-specific items in 

the Configuration tab. 
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5. Details tree 

The details tree is a panel that displays the relevant wires, edges, faces and regions for 

the geometry or mesh part selected in the Construction tab (4). From the right-click 

context menu specify the properties for its wire, edge, face or region properties in the 

details tree. You can modify the selected item's local mesh size, material definition or 

coating or solution properties that are specific to the selection. 

 

6. Status bar 

The status bar is a small toolbar that gives quick access to macro recording, general 

display settings, tools, selection method and type, snap settings and the model unit. 

 

7. Message window 

The message window is a panel that displays general information as well as error and 

warning messages. Error and warning messages include links to the relevant wires, edges, 

faces or regions that resulted in the warning or error. 

 

8. Notes view 

The notes view is a window where you can document model details. Add additional 

comments or information for future reference 

 

 

 

 

9. 3D view 

The 3D view window displays the geometry and mesh as well as solution requests (for 

example, a far field request). 

 

 

Note: The notes view is hidden by default but can be enabled. 

On the Home tab, in the Create view group, click the  Notes icon. 

 

 

 

Note: 

• Select the Construction tab (4.a) to view only CAD in the 3D view. 

• Select the Configuration tab (4.b) to view both CAD and solution requests in the 3D view. 
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10. Help 

The Help icon gives quick access to the Feko manuals. 

 

11. Search bar 

The search bar is a single-line textbox that allows you to enter a keyword and search for 

relevant information in the GUI. Entering a keyword in the search bar will populate a 

drop- down list of actions as well as the location of the particular action on the ribbon or 

context menu. Clicking on an item in the list will execute the action. 

 

12. Application launcher 

The application launcher toolbar is a small toolbar that gives quick access to other Feko 

components. 

 

Ribbon 

The ribbon is a command bar that groups similar actions in a series of tabs. 

 

 The ribbon in CADFEKO

 

1. Application menu 

The application menu button is the first item on the ribbon. When the application 

Note: Press F1 to access context sensitive help. 
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menu drop-down button is clicked, the application menu is displayed. The menu 

allows saving and loading of models, import and export options as well as giving 

access to application-wide settings and a recent file list. 

2. Core tabs 

A tab that is always displayed on the ribbon, for example, the Home tab and 

Construct tab. The Home tab is the first tab on the ribbon and contains the most 

frequently used commands for quick access. 

3. Contextual tab sets 

A tab that is only displayed in a specific context. For example, the Schematic 

contextual tab set contains the Network Schematic contextual tab. Contextual tabs 

appear and disappear as the selected items such as a view or item on a view, change. 

4. Ribbon group 

A ribbon tab consists of groups that contain similar actions or commands. 

5. Dialog launcher 

You can click the dialog launcher to launch a dialog with additional and advanced 

settings that relate to that group. Most groups don't have dialog launcher buttons. 

Keytips 

A keytip is the keyboard shortcut for a button or tab that allows navigating the ribbon 

using a keyboard (without using a mouse). Press Alt or F10 to display the keytips. Type 

the indicated keytip to open the tab or perform the selected action. 

 

An example of keytips 
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Construction Tab 

The Construction tab contains the geometry and mesh representation of the current 

model in a tree structure. It also lists ports and the optimisation configuration. 

The tree contains a Definitions branch, Model branch and Optimisation branch. 

 

 

The Construction tab in the model tree. 

 

Definitions Branch 

The Definitions branch contains by default the predefined variables, media and 

workplanes. When a named point or cable definition is created, it is added to the 

Definitions branch. 

Model Branch 

The Model branch is a visualisation of the geometry creation hierarchy. Where objects 

are derived from existing ones, the original (parent) objects are removed from the top 

level of the model and listed as sub-levels (children) under the new object. 
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For example, Cone1 and Cuboid1 (parent objects) were unioned and the result is that they 

have become children of the new object (Union1). Union1 is the highest-level item and 

referred to as a part. 

 

 The Construction tab in the model tree showing the part, Union1. 

Optimisation Branch 

The optimisation branch contains the optimisation searches, associated masks,  

parameters and goal functions defined for the mode 

 

 

  

Note: The highest-level items in the Model are referred to as “parts”. 

Note: The Optimisation branch is only displayed if the model contains an optimisation search or mask. 
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Configuration Tab 

The Configuration tab contains the global and configuration-specific model settings and 

requests of the current model in tree form. 

The tree contains a Definitions branch, Global branch and Configuration specific branch. 

 

The Configuration tab in the model tree. 

Definitions Branch 

The Definitions branch contains by default the predefined variables, media and 

workplanes. When a named point or cable definition is created, it is added to the 

Definitions branch. 

Global Branch 

The Global branch contains the global specific model settings. From the right-click 

context menu define solver settings, specify the global frequency, sources, loads, 

networks and power. 
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Configuration specific Branch 

The Configuration specific branch contains configuration specific settings. From the right- 

click context menu define requests per configuration, frequency per configuration, 

sources per configuration, loads per configuration and power per configuration. 
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Appendix C: POSTFEKO GUI 

Launching POSTFEKO 

You can launch POSTFEKO from inside CADFEKO. 

Use one of the following workflows for launching POSTFEKO: 

 

. 

User Interface Layout 

View the main elements and terminology in the POSTFEKO graphical user interface (GUI). 

 

On the Solve/Run tab, in the Run/Launch group, click the  POSTFEKO icon

On the application launcher toolbar, click the POSTFEKO icon in the  group

Press Alt+3 to use the keyboard shortcut.POSTFEKO opens by default with a single 3D 
view containing the model geometry
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1. Quick access toolbar 

The quick access toolbar is a small toolbar that gives quick access to actions that are  

 

performed often. The actions available on the quick access toolbar are also available via 

the ribbon. The quick access toolbar includes: New project, Open project, Save project, 

Undo and Redo. 

 

2. Ribbon 

The ribbon is a command bar that groups similar actions in a series of tabs. The ribbon 

consists of the application menu, core tabs and contextual tab sets
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3. Project browser 

The project browser is a panel that lists the models loaded in the current project, 

imported data, stored data and scripted data 

 

 

 

4. Model browser 

The model browser is a panel that organises the model information of the selected model 

in the project browser (3), into two separate tabs. 

Model tab 

The Model tab lists the model information and results for the selected model. 

Results tab 

The Results tab lists the results and solution information. 

 

5. Details browser 

The details browser is a panel that shows in-depth detail for the selected item in the 

model browser (4). 

 

 

 

 

 

6. Status bar 

The status bar is a small toolbar that gives quick access to general display settings, tools, 

and graph cursor settings. 

Note:  Collapse the project browser to expand the 3D view. On the View tab, in the Show group, click the 

Project icon 

 

Note: View the solution information for the selected model. On the model 

browser, click Solution information to view: 

• memory per process 

• total CPU-time 

• total runtime. 
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7. 3D view/2D graphs 

3D view 

The 3D view displays the geometry, mesh, solution settings as well as 3D results. 

2D graphs 

The 2D graphs display the 2D results on either a Cartesian graph, polar graph, Smith chart 

or Cartesian surface graph. 

 

 

 

 

 

8. Result palette 

The result palette is a panel that gives access to options that control the data in the 3D 

view or 2D graph for the relevant result type. For example, 3D far field data allows the 

phi cut plot type and gain in dB to be specified. 

 

9. Help 

The Help icon gives quick access to the Feko manuals. 

. 

 

10. Search bar 

The search bar is a single-line textbox that allows you to enter a keyword and search for 

relevant information in the GUI. Entering a keyword in the search bar will populate a 

drop- down list of actions as well as the location of the particular action on the ribbon or 

context menu. Clicking on an item in the list will execute the action. 

Note: 

• Re-order the window tabs by simply dragging the tab to the desired location. 

• Rename the window tab by using the right-click context menu and selecting 

Rename. 

 

 

 

Note: Press F1 to access context sensitive help. 
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11. Application launcher 

The application launcher toolbar is a small toolbar that gives quick access to other Feko 

components. 

 

Please refer the Feko User Manual for more detail
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