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A Comprehensive Guide to Antenna Based HFSS Projects with Code

High Frequency Structure Simulator (HFSS) is the industry standard for designing and analyzing electromagnetic
structures, especially antennas. While many users rely on the graphical user interface (GUI) to set up simulations,
the true power of HFSS lies in its ability to be scripted and automated. By harnessing scripting languages such as
Python, MATLAB, or the native HFSS VB Script, engineers can create repeatable, parameter driven projects that
dramatically accelerate design cycles and improve reproducibility.

This article takes you through a step by step journey of building antenna based HFSS projects with code. We’'ll cover
the fundamentals of HFSS scripting, walk through real world code examples, and explain how to integrate
simulation results into a design workflow. Whether youre a seasoned RF designer or a newcomer to
electromagnetic simulation, this guide will give you the tools you need to elevate your antenna projects.
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Why Automate HFSS with Code?

Designing antennas is an iterative process that often involves tweaking dimensions, materials, and boundary
conditions. Manually re entering these changes in the GUI is time consuming and error prone. Code based
automation offers several key advantages:

* Reproducibility — A single script can recreate the exact simulation every time, eliminating manual
discrepancies.

e Speed — Batch processing multiple designs or parameter sweeps can be executed in minutes rather than
hours.

¢ Version Control — Scripts can be stored in Git or other version control systems, facilitating collaboration.

» Scalability — Complex designs that involve thousands of geometry entities can be generated algorithmically.

« Integration — Simulation results can be fed directly into CAD, PCB layout tools, or machine learning pipelines.

Prerequisites & Setup



Before diving into code, ensure you have the following:

¢ ANSYS HFSS (2023 R1 or newer) installed on a Windows machine.

Python 3.8+ with pywin32 for COM automation.

¢ Optional: MATLAB with the ActiveX interface enabled.

e Basic familiarity with object oriented programming.

e Access to a Windows user account with administrative rights (needed for COM registration).

On Windows, the HFSS COM server is automatically registered during installation, allowing scripts to launch HFSS
instances programmatically. For Python, you can install the required package via pip:

pip install pywin32

HFSS Scripting Overview
HFSS exposes a rich object model through COM. The main components you'll interact with are:

* Ansoft.ElectronicsDesktop — The top level application object.

¢ Project — Represents an HFSS project (.hfss).

e Design — A single simulation design within the project.

e Model — The 3 D geometry and material definitions.

e Excitation — Port definitions, lumped ports, etc.

e SolutionSetup — Frequency sweep, solver settings.

¢ Results — Post processing data such as S parameters, radiation patterns.

The scripting workflow typically follows these steps:

Instantiate the HFSS application.

Create or open a project.

Define a design and its geometry.

Assign materials and boundary conditions.

Set up the simulation (frequency, mesh, solver).
Run the simulation.

Extract results and optionally post process.
Save or export the design.
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Project Structure & Naming Conventions

Keeping your project organized is crucial, especially when automating multiple designs. A typical directory layout
looks like this:

antenna_projects/
% % design_001/
% % % script.py
% % % design.hfss
% % % results/
% % design_002/
% % % script.py
% % % design.hfss
% % % results/



% % common/
% % materials.py
% % utils.py

Adopt naming conventions such as:

e Design names: Ant_Slot_ + unique ID.
¢ Folder names: design_ + zero padded number.
¢ Result files: results_ + timestamp.

These conventions aid in automation scripts that iterate over multiple designs.

Python Automation with the HFSS API

Python has become the de facto language for many engineering automation tasks due to its readability and
extensive libraries. Below is a complete example that creates a simple dipole antenna, runs a frequency sweep,
and extracts the S parameter.

1. Import Libraries
import win32com.client
import os

import datetime

2. Helper Functions

def create_hfss_app():
""Instantiate the HFSS application.
return win32com.client.Dispatch("Ansoft.ElectronicsDesktop")

def get_project(app, project_name):
""Open or create a project."™
if app.GetProjectNames():
if project_name in app.GetProjectNames():
return app.OpenProject(project_name)
return app.NewProject(project_name)

def create_design(project, design_name, frequency="2.4GHz"):
""Create a new design with a default solution setup."
design = project.InsertDesign(
"HFSS", design_name, "3D Layout", "Full 3D"
)
# Set up default solution
design.InsertSolutionSetup("Setupl”, frequency)

return design



3. Build Geometry

def build_dipole(design, length=0.05, width=0.005, thickness=0.001):
""Create a simple dipole antenna.""
model = design.Model
# Create two cylinders
model.InsertCylinder(
"Dipolel",
"Center",
0, 0, -length/2,
0,0,1,
length/2,
width
)
model.InsertCylinder(
"Dipole2",
"Center",
0, 0, length/2,
0,0,1,
length/2,
width
)
# Assign material
design.AssignMaterial("Copper", ['Dipolel", "Dipole2"])

4. Set Excitations

def set_excitation(design):
""Define a lumped port at the feed point.""
design.InsertLumpedPort(
"Portl",
"Dipolel”,
"Dipole2",

X 1

0
Oy
0

5. Run Simulation

def run_simulation(design):
"""Execute the simulation."
design.Solve()



6. Extract Results

def extract_s_parameters(design, frequency):

results = design.GetSolutionData()
s11 = results.GetData("S11", frequency)
return s11

7. Main Script

def main():
app = create_hfss_app()
project_name = "DipoleProject”
design_name = "DipoleDesign"

project = get_project(app, project_name)
design = create_design(project, design_name, "2.4GHz")

build_dipole(design)
set_excitation(design)
run_simulation(design)

s11 = extract_s_parameters(design, "2.4GHz")
print(f'S11 at 2.4GHz: {s11}")

# Save project

timestamp = datetime.datetime.now().strftime("%Y%m%d_%H%M%S")
project_path = os.path.join(os.getcwd(), f'{project_name} {timestamp}.hfss")
project.SaveAs(project_path)

# Close HFSS
app.Quit()

if _name__=="__main__"
main()

This script demonstrates the full lifecycle: launching HFSS, creating geometry, assigning materials, setting up a
port, running the solver, extracting S parameters, and saving the project. By encapsulating each step into functions,
you can easily reuse code for different antenna topologies.

MATLAB Automation with COM Interface



For teams that rely on MATLAB for data analysis, automating HFSS from MATLAB is a natural fit. MATLAB's
actxserver function can launch the HFSS COM server.

1. Initialize HFSS

hfssApp = actxserver('Ansoft.ElectronicsDesktop");
hfssApp.Visible = 1; % Set to O for headless mode

2. Create Project and Design

projectName = 'MATLAB_HFSS_Project’;
designName = 'MATLAB_Dipole’;

project = hfssApp.NewProject(projectName);
design = project.InsertDesign('HFSS', designName, '3D Layout', 'Full 3D");

3. Build Geometry

model = design.Model;

model.InsertCylinder('Dipolel’, 'Center’, 0, 0, -0.025, 0, 0, 1, 0.025, 0.005);
model.InsertCylinder('Dipole2', 'Center’, 0, 0, 0.025, 0, 0, 1, 0.025, 0.005);
design.AssignMaterial('Copper', {'Dipolel’, 'Dipole2'});

4. Set Port & Solve

design.InsertLumpedPort(‘Portl’, 'Dipolel’, 'Dipole2’, 'x', 0, 0, 0);
design.Solve();

5. Extract S Parameters

results = design.GetSolutionData();
s11 = results.GetData('S11', '2.4GHz");
fprintf('S11 at 2.4GHz: %.2f dB\n', s11);
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