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Why Do I Need Electro-Magnetic Simulation ?

1. Do I really need a Simulation Software?

2. How will it help me in my Prototype Development ?

3. Will it be cost effective to have such a Simulation 
Software ?

4. Can it really simulate what I need ?



Example: Design & Test a Patch Antenna



Cost of Design & Test of a Prototype Patch Antenna?

1. First Design of Antenna. 3-4 Sample Designs: 1 week of 
design engineer time.

2. Send these samples for manufacturing: Turn around 1 
week.

3. Test and Result Analysis of each sample. 1 week of 2-3 
microwave engineer's time.

4. Total Cost ~ 10 - 20 K USD



Cost of Design & Test of a Prototype Patch Antenna?



Test Equipment for Antenna Testing

● Isolated Room with no EM feedbacks or interference.
● Network Analyzer
● Signal Analyzer
● Spectrum Analyzer
● High Bandwidth Oscilloscopes
● Microwave connectors, cables, probes etc.
● Total Cost ~ 100 K USD



● Second Round of Design based on first results. 1-2 
week of Design Engineer’s time.

● Second Batch of Test antennas to manufacture: 1 
week

● Second Round of Testing: 1-2 weeks
● Final Design, manufacturing and testing 1-2 week.

Cost of Design & Test of a Prototype Patch Antenna?



● Biological Effect and Safety Tests: Probably outsource 
to specialized testing company.

● Must pass Government Safety Protocols and Test. If 
not then repeat the whole process !

● Total Cost ~ 150 – 200 K USD

Cost of Design & Test of a Prototype Patch Antenna?



A capable EM Simulation Software is much 
cheaper than trial/error product design-
development process !





CST Studio Suite | Key Features 

● Electromagnetic (EM) field solvers for 
applications across the EM spectrum are 
contained within a single user interface

● Well known & proven solution among leading 
technology and engineering companies around 
the world

● Offers end-to-end solution for  designing, 
analyzing, and optimizing electromagnetic 
components and systems



● Leading market solution for high frequency and low 
frequency electromagnetic simulation

● Optimize antenna and microwave devices

● Prevents and minimize electromagnetic interference 
(EMI) and electromagnetic compatibility (EMC) 
issues

● Coupled simulations: system-level, hybrid, multi-
physics & EM/circuit co-simulation

CST Studio Suite | Key Features 



Applications of CST Studio Suite



Energy, Process and Utilities

Power transmission

GeneratorsInsulatorsPower transformers

High voltage components Wind turbines



Aerospace and Defense

Reflector antenna Antenna feed Interference analysis

Antenna arrays EM immunityRadar Sources



10m

Transportation & Mobility

E-mobility, Wireless charging

V2V Communication &
Self Driving Cars

On-board electronics

Electric motors

Antennas

Cabling EM behavior



High Tech: Communication/IOT

Wearable devices

Flexible electronicsEmissions and InterferenceMobile phones

WiFi access pointBase station



Life Sciences: 

Pacemaker

Thermal 
cancer treatmentHighfield MRI

Implant Safety Heart Valve Hearing Aids

Brain cancer
detectionImaging and diagnostics



Large Vehicles (Buses, Trains, Planes, etc.)
Wi-Fi coverage in a bus with occupants



Large Vehicles (Buses, Trains, Planes, etc.)

 Lightning Strike (Fast 
Transient EM Fields)

 High Voltage/Current

 Large Physical Size to 
Mesh

 Various Wavelengths 
(Wideband)



What is CST Studio Suite ?





1. Microwave, RF & Optical (High 
Frequency)

2. EDA – Electronics: PCB, Signal Integrity 
etc.

3. EMI-EMC: EM Interference
4. Particle Dynamics
5. Statics-Low Frequency: 

Generators/Motors. Permanent 
Magnets

6. Multi-Physics: Thermal and Structural 

CST Studio Suite | Main Components



Electromagnetics Engineer | Connected Role
CST Studio Suite is installed (locally), licensed and launched from the platform (similar to 3DEXPERIENCE 
SOLIDWORKS)

• More capabilities and 
features than just a 
connector

• Combines the best of 
both products to provide 
a unique EM simulation 
solution

CST on Cloud| 3D Experience Platform



Package contains both 
roles to provide users a 
seamless experience

Electromagnetics Engineer | Packaged with two roles



Apps included for both roles



CST Studio Suite: Main Functionality

A. Modeling a Device
B. Meshing the Models 
C. Choose a Solver: Time / Frequency 
D. HPC or Local Computing
E. Example: Coaxial Connector



Creating a Model in CST Studio





User saves and converts the 
SOLIDWORKS model to 

3DEXPERIENCE

User selects the converted SOLIDWORKS model 
in My Session, and launches 

CST Studio Suite Connected App

User sets up the simulation 
in 

CST Studio Suite
[Connected Edition]

User runs a local simulation 
in 

CST Studio Suite
[Connected Edition]

User reviews full results 
in 

CST Studio Suite
[Connected Edition]

User saves simulation data to 
3DEXPERIENCE. Reviews 

lightweight results in Physics 
Simulation Review App

User performs a design 
change in 

SOLIDWORKS

User opens or designs a 
SOLIDWORKS model

7a
User uses the update command to 

download the updated model 
in CST Studio Suite

[Connected Edition]

7b
2

7c

1 3

4568
7d7e

0

User launches  
SOLIDWORKS from 

Dashboard

What-If

Electromagnetics Engineer | Workflow



 A complete 3D Model can be 
created in CST Studio itself.

 It has a built-in Library of materials

 Includes non-homogenous and 
non-linear materials

 Electro-Magnetic, Thermal and 
Structural Properties can be 
defined for each (Multi-Physics)

Creating a Model in CST Studio













Materials in CST
 Define Electrical permittivity and Magnetic 

permeability

 Can be An-isotropic

 Thermal Conductivity, Specific Heat etc. 



Materials in CST



Meshing in CST Studio

Volumetric & Surface Mesh
Tetrahedral & Hexahedral Mesh



Meshing in CST



Meshing in CST



Meshing in CST



Various Solvers in CST Studio



Finite Integration Technique (FIT) Transmission Line Matrix (TLM) Method of Moments (MoM) Multi Level Fast Multipole 
Method (MLFMM)





Low Frequency-Static Solvers



Multi-Physics Solvers



Time vs. Frequency Domain Solvers



 The largest simulation flexibility is offered by the time
domain solvers, which can obtain the entire
broadband frequency behavior of the simulated device
from a single calculation run.

 These solvers are remarkably efficient for many high
frequency applications such as connectors,
transmission lines, waveguide components, and
antennas, amongst others.

 Two time domain solvers are available, both using a
hexahedral mesh, either based on the Finite Integration
Technique (FIT) or on the Transmission-Line Matrix
(TLM) method. The latter is especially well suited to
EMC/EMI/E3 applications

Time Domain Solver



Time Domain Solver



Time Domain Solver







 Electrical size is compared to wavelength of EM Waves
 Q factor (Resonance) is inversely proportional to Bandwidth



 Electrical size is compared to wavelength of EM Waves
 Q factor (Resonance) is inversely proportional to Bandwidth



HPC & Cloud Computing

















Example: Coax Connector 



Example: Coax Connector 



Multi-Physics



• CST MPhysics Studio is a software package from the CST Studio Suite family which allows 
thermal and mechanical simulations.

• It is based on the ACIS modeling kernel.

• Full parameterization of the structure modeler enables the use of variables in the definition of 
your component. In combination with the built-in optimizer and parameter sweep tools, CST 
MPhysics Studio is capable of analyzing and designing thermal and mechanical aspects of 
devices.

• After the component has been modeled, a fully automatic meshing procedure is applied before a 
simulation engine is started. 

• A key feature of CST MPhysics Studio is its tight integration with the other CST Studio products. 
This allows a workflow for coupled EM-Multiphysics simulations. 

What is CST Multi-Physics Studio? 















 Field monitor results from a high frequency transient, eigenmode or 
frequency domain solver can be used as heat sources for thermal 
simulations.

 Based on the thermal results a subsequent stress simulation can be 
performed, and the impact of the stress on the EM simulation can 
then be considered when performing a sensitivity analysis with the 
frequency domain or eigenmode solver with a tetrahedral mesh. 

 Temperature fields calculated by the thermal solvers can be imported 
by the high frequency time and frequency domain solvers to simulate 
the effects of temperature dependent materials. 

Coupled Simulations with Thermal or Mechanical 
Solvers: EM-Multiphysics couplings:



Low Frequency Simulation



















Low Frequency Example

Permanent Magnet Synchronous Motor



Thank you!



Questions & Answers
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