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Introduction

In the realm of microwave and millimeter �wave engineering, waveguides are indispensable components for routing 

high �frequency signals with minimal loss. Among the various simulation tools available, CST Studio Suite stands out 

for its powerful electromagnetic solver and intuitive design environment. This cst waveguide tutorialwill guide you

through every step of creating, simulating, and analyzing a waveguide structure in CST, from the fundamentals of

waveguide theory to advanced post �processing techniques. Whether you are a seasoned RF designer or a

newcomer to electromagnetic simulation, this comprehensive guide will equip you with the knowledge and skills

needed to harness CST’s full potential for waveguide projects.

What Is CST Waveguide?

CST (Computer Simulation Technology) Studio Suite offers a suite of electromagnetic solvers, including

frequency �domain, time �domain, and transient analysis. When applied to waveguide design, CST’s frequency �domain

solver is typically employed to accurately capture resonant behavior and modal propagation. The software allows

designers to model complex geometries, assign material properties, apply boundary conditions, and perform

detailed field and S �parameter analyses—all within a unified interface. By leveraging CST’s adaptive mesh

refinement and high �performance computing capabilities, engineers can obtain precise results for even the most

challenging waveguide configurations.

Why Use CST for Waveguide Design?

•  Accurate Modal Analysis: CST’s solver can identify fundamental and higher �order modes, providing insights 

into cutoff frequencies and field distributions.

•  Versatile Geometry Modeling: From simple rectangular sections to intricate circular or elliptical waveguides, 

CST supports a wide range of shapes.

•  Integrated Optimization: Built �in parameter sweeps and optimization tools enable rapid iteration and 

performance tuning.

•  Robust Post �Processing: Visualize fields, extract S �parameters, and generate reports with ease.

•  Scalable Performance: Multi �core processing and GPU acceleration reduce simulation times for large 

structures.

Key Concepts in Waveguide Theory

Modes and Cutoff Frequencies

Waveguides support discrete electromagnetic modes—Transverse Electric (TE), Transverse Magnetic (TM), and

hybrid modes—each characterized by specific field patterns. The cutoff frequency, determined by the waveguide’s

dimensions and mode type, marks the threshold below which a mode cannot propagate. Understanding these

concepts is essential for selecting the appropriate waveguide size and predicting performance over the desired

frequency band.

Waveguide Geometry



Rectangular, circular, and elliptical geometries are the most common waveguide types. The choice of shape

depends on application requirements such as bandwidth, mechanical constraints, and integration with other

components. In CST, geometry creation is intuitive: users can draw cross �sections, extrude them, or import CAD

files to build complex 3D models.

Material Properties

While many waveguide designs assume perfect electric conductors (PEC) for the walls, real-world applications

often involve lossy metals like copper or aluminum. CST allows the assignment of frequency �dependent

conductivity, permittivity, and permeability, enabling accurate loss calculations. Dielectric inserts or matching

sections can also be modeled to tailor impedance and reduce reflections.

Getting Started with CST Waveguide Tutorial

System Requirements

Before installing CST, ensure your computer meets the following minimum specifications:

•  64 �bit operating system (Windows 10/11)

•  Quad �core CPU with 2.5 /GHz or higher

•  16 /GB RAM (32 /GB recommended for large models)

•  Dedicated GPU with at least 4 /GB VRAM (for GPU �accelerated solvers)

•  SSD storage for faster simulation times

Installing CST Studio Suite

Download the installer from the official CST website. During installation, select the “Electromagnetic Solver”

component and any additional modules you plan to use, such as “RF Design” or “Optimization.” Follow the

on �screen prompts to complete the setup. After installation, launch CST and activate your license.

Launching a New Waveguide Project

Open CST and choose “New Project.” Select the “Frequency Domain” solver to work with waveguide structures. In

the project wizard, specify the simulation frequency range (e.g., 10 GHz to 20 GHz) and set the units to GHz. Name

your project (e.g., “Rectangular_Waveguide_Tutorial”) and choose a directory to save the files.

Building a Basic Rectangular Waveguide

Defining Geometry

Navigate to the “Geometry” tab and select “Create 3D Object.” Choose “Extruded” and draw a rectangle in the XY

plane. Typical dimensions for a WR �90 waveguide are 22.86 mm × 10.16 mm. After drawing the rectangle, extrude it

along the Z �axis to the desired length (e.g., 100 /mm). Rename the object for clarity.

Assigning Materials

Open the “Materials” library and search for “Copper.” Drag the material onto the waveguide walls. If you prefer to

model a lossy metal, create a custom material by specifying conductivity (e.g., 5.8 × 10 w S/m for copper) and relative

permittivity ("H1). For the interior, assign “Vacuum” or “Air” to simulate free �space propagation.

Setting Boundary Conditions

Waveguides require specific boundary conditions to emulate open or closed terminations. For the side walls, apply

a “Perfect Electric Conductor (PEC)” boundary. At the input and output ends, define “Wave Port” boundaries.

Right �click on the end surfaces, select “Add Port,” and choose the “TE10” mode for a rectangular waveguide. Set the



port location and orientation carefully to ensure accurate excitation.

Mesh Generation

Navigate to the “Mesh” tab. CST offers several mesh options: “Standard,” “Adaptive,” or “User �Defined.” For a

waveguide tutorial, start with a “Standard” mesh and set the maximum cell size to a fraction (e.g., 1/10) of the

shortest wavelength at the highest frequency. Enable “Mesh Refinement” around the port areas to capture field

variations accurately. After configuring, click “Generate Mesh” and review the mesh quality.

Simulation Setup

Frequency Sweep Parameters

In the “Solver” settings, define a frequency sweep from 10 /GHz to 20 /GHz with 200 frequency points. Use a linear or 

logarithmic sweep depending on the analysis needs. Enable “Convergence Criteria” and set a tolerance of 1 % for

the residuals to ensure reliable results.

Port Excitation

Double �click the port to open the port settings. Specify the excitation type (e.g., “Waveguide Port”) and set the mode

to “TE10.” Adjust the port’s reference impedance to match the characteristic impedance of the waveguide ("H 50 :• for

WR �90). Ensure the port is positioned at the very end of the waveguide to avoid spurious reflections.

Solver Settings

Under “Solver,” select the “Adaptive Frequency Domain” solver. Enable “Higher �Order Basis Functions” to improve

accuracy for higher �frequency modes. If computational resources allow, activate “Parallel Computing” to distribute

the load across multiple cores. Save the solver configuration before launching the simulation.

Running the Simulation

Monitoring Convergence

While the solver runs, monitor the convergence plot. The residual should drop below the set tolerance within a

reasonable number of iterations. If convergence stalls, consider refining the mesh or adjusting the solver’s

relaxation factor.

Common Pitfalls

•  Incorrect Port Placement: Misaligned ports can cause mode mismatch and erroneous S �parameters.

•  Insufficient Mesh Density: Too coarse a mesh leads to inaccurate field distributions and poor convergence.

•  Boundary Condition Errors: Applying an open boundary where a PEC is needed can produce non �physical 

results.

Post �Processing Results

S �Parameters

After the simulation completes, open the “Results” tab and select “S �Parameters.” Plot S11 and S21 over the

frequency range. For a well �designed waveguide, S11 should be below –15 dB across the band, indicating low

reflections, while S21 should be close to 0 /dB, showing minimal insertion loss.

Field Distributions

Use the “Field” viewer to visualize the electric and magnetic field vectors. For the TE10 mode, the electric field

should exhibit a single lobe across the broad wall, while the magnetic field should form a closed loop. Visualizing



the fields confirms that the waveguide is correctly excited and that higher �order modes are suppressed.

Visualizing Mode Patterns

To isolate specific modes, use the “Mode Analysis” tool. Select the desired frequency point and request the solver

to decompose the fields into orthogonal modes. The resulting mode patterns help identify whether unwanted TM or

higher �order TE modes are present.

Advanced Topics

Waveguide with Obstacles

Introduce discontinuities such as irises, steps, or dielectric inserts to study scattering and impedance matching. In

CST, create the obstacle geometry, assign appropriate materials, and recompute the simulation. Analyze how the

obstacle affects S �parameters and field distributions.

Circular and Elliptical Waveguides

For circular waveguides, use the “Cylinder” primitive and define the radius (e.g., 4.318 mm for WR �75). Assign ports

using the “Circular Wave Port” option and set the mode to “TE11.” Elliptical waveguides require custom geometry

creation; after building the shape, use the same port setup but adjust the mode definitions accordingly.

Coupling and Filters

Design waveguide couplers or band �pass filters by combining multiple sections with varying dimensions. Use CST’s

“Parameter Sweep” to
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