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Characteristic mode analysis is a technique that can provide insight into the radiating characteristics of 

structures.  FEKO Suite 6.2, to be released later this year, will include a characteristic mode eigensolver.  It will 

be possible to visualise modal currents, near fields and far fields in POSTFEKO. 

Characteristic mode analysis is the numerical calculation of a weighted 

set of orthogonal current modes that are supported on a given 

structure (e.g. mobile phone, aircraft).  These characteristic modes are 

obtained by solving a particular weighted eigenvalue equation that is 

derived from the Method of Moments (MoM) impedance matrix.  The 

modal currents, or eigencurrents, depend only on the shape and size of 

the body and are independent of any source or excitation.  As a set of 

orthogonal functions, the modal currents of a structure can be used to 

form the total current on its surface.  Each mode radiates 

independently and the modal near fields or far fields can be summed to 

obtain the total near fields or far fields for any given excitation.  Useful 

insight can be gained into a structure’s radiation properties by 

examining its characteristic modes. A set of characteristic values, or 

eigenvalues, is also associated with the characteristic modes.  The 

resonance frequency of a mode can be obtained from its eigenvalue. 

Although formally developed by Robert Garbacz and refined by Roger 

Harrington and Joseph Mautz in the early 1970s, characteristic modes 

are sometimes called Inagaki modes, following Naoki Inagaki’s 

generalisation of the theory.  The requirement to calculate the MoM 

impedance matrix at every frequency of interest makes it 

computationally intensive. This was a serious limitation in its early 

years.  Nowadays, with the availability of multi-core CPUs, multi-CPU 

workstations and parallel distributed systems—of which FEKO can 

make good use with its efficient parallel implementation—this is no 

longer a hindrance. Characteristic mode analysis has regained 

popularity, allowing for a systematic computational design approach 

rather than brute force modelling and optimisation. 

Characteristic mode analysis can be useful in the design of antennas.  

The currents and associated far fields for the first four modal currents 

of a metallic ring antenna [1] are shown on the right.  Mode J3 of the 

ring is a non-resonant mode with inductive behaviour in the frequency 

band of interest. 

Continued on the next page. 

This edition of the newsletter tells the user more about what to expect in FEKO Suite 6.2, due to be released in 

September 2012.  Characteristic mode analysis is a new feature that can help users to better understand and 

explain the physical behaviour of an antenna and equip them to improve its performance.  The global FEKO 

network has also expanded further with the appointment of local resellers in the UK and Russia. 

If you would like to comment or ask questions about the content of this issue, please send us an email, or 

contact your local distributor. 
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“The modal 

currents, or 

eigencurrents, 

depend only on 

the shape and size 

of the body and 

are independent of 

any source or 

excitation.” 

The normalised surface current distributions and far field patterns of the first 

four eigencurrents of a metallic ring antenna (proposed in [1]) at 2.4 GHz. 
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“The current 

distribution of 

mode J4 remains 

unaffected by the 

insertion of slots 

into the ring 

antenna.” 
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FEKO Suite 6.2, due to be released in the next quarter, has the following features in store: 

 Modelling of large finite size arrays through advanced 

fast solvers and support in the GUI; 

 Time domain modelling capabilities will be integrated 

into the GUI; 

 Higher order basis functions for the Method of Moments 

will reduce the number of unknowns, thereby lowering 

memory requirements and resulting in faster solution 

times; 

 Cable modelling extensions include cable tubes and auto 

bundling; 

 Capability to compute vector and scalar field potentials; 

 Huge speed improvements when working with large CAD 

models; 

 Scripting execution control from outside POSTFEKO. 

“Higher order basis 

functions for the 

Method of 

Moments will 

reduce the number 

of unknowns, 

thereby lowering 

memory 

requirements .”  

Training Tomorrow’s Engineers 

Four additional slots are inserted into the 

antenna to add capacitive loading, 

compensating for the inductive effect of 

mode J3 without influencing the 

properties of mode J4.   

Besides causing mode J3 to become 

resonant, the resonant frequencies of the 

modes are also brought closer together.  

The altered geometry is suitable for 

multiple-input multiple-output (MIMO) 

operation through multimode operation.  

This is achieved by using three feed 

configurations to excite the different 

modes.  The entire design of this antenna is based on characteristic mode analysis.  

Characteristic mode analysis can also be used to consider the interaction between an antenna and its platform.  

The characteristics of the platform can be utilised with that of the antenna so as to optimise their joint 

performance.  Examples seen in the literature include the utilisation of a mobile phone chassis as part of its 

antenna and the design of small aircraft, like UAVs, so that they act as antennas. 

Users who are interested in performing characteristic mode analysis can look forward to FEKO Suite 6.2.  It will 

no longer be necessary to perform post-processing on the impedance matrix to obtain characteristic modes,  as 

FEKO will support characteristic mode analysis and visualisation of the results internally. 

[1] E. Antonino-Daviu, et al., “Design of a multimode MIMO antenna using characteristic modes”, EuCAP 2009. 

The current distribution of mode J4 remains unaffected by the 

insertion of slots into the ring antenna. 

FEKO Suite 6.2 Preview 

FEKO can prove to be a useful tool in the classroom, whether to teach the 

fundamentals of electromagnetics, illustrate difficult concepts or by helping 

students to visualise currents and fields.  The practical participation by students 

gives them hands-on experience in computational modelling and allows them to 

investigate the field of electromagnetics and its vast applications. 

The instructors of courses on antennas, microwave devices, electromagnetic 

compatibility, electromagnetic theory and related subjects areas at any recognised 

degree-awarding tertiary institution may apply for FEKO Classroom licences.  

Classroom licences are granted free-of-charge, the only requirement being a short 

summary of the intended use with details on the course content, dates and the 

number of attending students.  Interested academics are invited contact their local 

FEKO representative for more details. 

“Classroom 

licences are 

granted free-of-

charge...” 
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President of EMSS USA Elected ACES Fellow 

Dr CJ Reddy, President of EMSS USA, was presented with the 

award of ACES Fellow at the ACES 2012 Awards Banquet in 

Columbus, OH. 

ACES, the Applied Computational Electromagnetics Society, is a 

scientific, literary, and educational society that strives for the 

advancement of the theory, computations, practice, and 

applications of electromagnetic fields.  Dr Reddy has served on 

the ACES Board of Directors from 2006 to 2012.  He was the 

General Chair of the ACES 2011 Conference held in Williamsburg, 

Virginia and is co-chair of the ACES 2013 Conference to be held in 

Monterey, California from 24 to 28 March. 

Dr Reddy is a senior member of the Institute of Electrical and 

Electronics Engineers (IEEE), and the Antenna Measurement 

Techniques Association (AMTA).  He also serves as a member of 

IEEE MTT Society Technical Committee TC-24 (RFID Technologies). 

He was awarded a Research Associateship by the National Research Council (USA) to conduct research in 

computational electromagnetics at NASA Langley Research Center, Hampton, Virginia.  At this time he was 

working as a Research Professor at Hampton University.  He developed various FEM codes for electromagnetics 

and also worked on design and simulation of antennas for automobiles and aircraft structures.  He received the 

Certificate of Recognition from NASA for the development of a hybrid Finite Element Method/Method of 

Moments/Geometrical Theory of Diffraction code for cavity backed aperture antenna analysis.  He has published 

35 journal papers, 54 conference papers and 17 NASA Technical Reports to date. 

“The user only 

needs to specify 

the desired 

frequency range 

and number of 

components...” 

Dr CJ Reddy (right) receiving the ACES 

fellowship award from the President of 

ACES, prof. Andrew Peterson. 

Tips and Tricks: Decoupling the FEM from the MoM 

The Finite Element Method (FEM) is a more computationally efficient method than the Method of Moments 

(MoM) for the solution of closed metal structures such as waveguides.  To solve a model with the FEM, the 

inside region of the waveguide is set to a dielectric medium and the FEM is selected as solution method under 

the region properties of the dielectric region.  FEM modal ports are added and all the other outside faces are set 

to perfect electrical conductor (PEC). 

For such a model that is completely enclosed by a PEC 

boundary and non-radiating, coupling to the outside—

that is the MoM region—can be switched off.  This is 

done by decoupling the FEM solution from the outside 

MoM region by selecting the option “Decouple from 

MoM (use FEM absorbing boundary condition)” on the 

FEM tab of the Solver settings. The Solver settings 

dialogue can be opened from the Solve/Run tab 

(alternatively found under Settings on the main 

CADFEKO application dropdown menu).  Setting the 

decoupling will reduce computational requirements. 

Generate Matching Circuits with Optenni Lab 

Matching circuits for the 3D models of antennas and other RF components can now be generated 

automatically by using Optenni Lab together with FEKO. 

Optenni Lab provides the user with routines for matching circuit generation and optimisation, as well as antenna 

bandwidth estimation.  It uses accurate inductor and capacitor models from major component manufacturers 

and a fast tolerance analysis to ensure that the manufactured matching circuits will meet the design criteria.  The 

user only needs to specify the desired frequency range and number of components after which Optenni Lab 

provides a choice of optimised matching circuit topologies. 

The new workflow between FEKO and Optenni Lab greatly simplifies 

matching circuit design by allowing the transmission of an antenna’s 

unmatched S-parameter characterisation from FEKO to Optenni Lab.  

The matching circuit design can then be performed in Optenni Lab.  

Once this has been completed, an S-parameter characterisation of 

the matching circuit is returned to FEKO where it can be simulated 

together with the structure that is being modelled. 

Optenni Lab is a product of  

Optenni Ltd. 

Also at the 2012 

ACES conference, 

Dr Ulrich Jakobus, 

FEKO Product 

Manager, was 

elected to the 

ACES Board of 

Directors. 

“For a model that 

is completely 

enclosed by a PEC 

boundary and non-

radiating, coupling 

to the outside—

that is the MoM 

region—can be 

switched off.” 

CADFEKO FEM model of a 

waveguide bandpass filter. 



 

 

 
Applications 

 Antenna Design 

 Antenna Placement 

 EMC Analysis 

 Scattering Analysis 

 Biomedical 

 Microstrip circuits 

 Waveguide 

 Cable Analysis 

 

Fast Solutions 

 Parallel Processing (Multi-Core 

CPUs, Clusters) 

 GPU Computing 

 Fast Frequency Sweep 

 Out-of-Core Solving 

Solution Techniques 

 Method of Moments (MoM) 

 Multi-level Fast Multipole 

Method (MLFMM) 

 Finite Element Method (FEM) 

 Physical Optics (PO) 

 Ray-Launching Geometrical  

Optics (GO) 

 Uniform Theory of Diffraction 

(UTD) 

 Planar and Periodic Green’s 

Functions 

 True Hybridisation of MoM/FEM, 

MoM/PO, MoM/GO, MoM/UTD, 

MoM/MTL 

 MoM for Multiple, Complex 

Dielectric Bodies 

Model Formats 

 Solid Models (Parasolid, DXF, 

ACIS, CATIA, Pro-E, IGES, STEP, 

Unigraphics) 

 Meshes (CADFEKO, FEMAP, 

NASTRAN, AutoCAD DXF, STL, 

PATRAN, ANSYS CDB, ABAQUS, 

ASCII data format, GID) 

 

Services 

 Extended Service Contract  

 On-site Training (Short Course) 

 CAD Preparation 

 Runtime Solutions  

 Engineering Consulting Services 
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About FEKO 

Exhibitions in 2012 

4 – 6 June International Workshop on Finite Elements (FEM2012), Estes Park, Colorado, USA 

17 – 22 June International Microwave Symposium (IMS2012), Montréal, Canada 

19 – 21 June International Conference on EM Field Problems and Applications (ICEF), Dalian, China 

25 – 28 June International Symposium of Antenna Technology and Applied EM (ANTEM), Toulouse, France 

2 – 6 July European Electromagnetics (EUROEM 2012), Toulouse, France 

8 – 14 July IEEE International Symposium on Antennas and Propagation, Chicago, IL, USA. 

5 – 10 August IEEE International Symposium on Electromagnetic Compatibility, Pittsburgh, Pennsylvania, USA 

27 – 29 August Asia-Pacific Conference on Antennas and Propagation (APCAP), Singapore 

2 – 7 September International Conference on EM in Advanced Applications (ICEAA), Cape Town, South Africa 

For a complete list of events, including short courses and user meetings, and for more information about the 

events listed above, please visit www.feko.info/about-us/events. 
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“Frequensys 

Limited provides 

test equipment, 

consultancy and 

support services to 

the electronics 

industry.” 

Follow us on 

Twitter! 

@emss_feko 

 

FEKO Representatives in UK and Russia 

Current and potential FEKO users in the United Kingdom and Russia are 

invited to make contact with their local FEKO representatives. 

Frequensys began in 2007 providing consultancy and advice for EMC testing 

and design.  They provide test equipment, consultancy and support services 

to the UK and European electronics industry in the areas of EMC, RF & 

microwave, shielding, anechoic material and general test and 

measurement.  With the addition of FEKO EM simulation software, their 

customers will have the benefit of both simulation and test solutions from 

one solution provider. 

Rodnik SPE, Inc. is a leader in industrial automation and offers a full range 

of CAD/CAE software for the electronics industry (from composite digital-

analog modelling to the technical preparation of components for 

production). It develops and supplies programmable logic controllers, 

test and measurement instruments, computer equipment for 

industrial manufacturing, R&D facilities and SCADA-systems.  Rodnik’s 

EDA department has a lot of experience in selling and designing 

software for the electronic industry. In its design centre, study centre 

and sales department many experts with high technical education are 

working in the fields of marketing, sales and technical support. 

Frequensys Limited has been 

appointed as FEKO and 

Antenna Magus sales 

representative in the UK. 

RODNIK SPE, Inc is the official reseller of 

FEKO and Antenna Magus in Russia. 

“Rodnik SPE, Inc. 

offers a full range 

of CAD/CAE 

software for the 

electronics 

industry.” 
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