Training Course on Advanced Antenna Design and

Array Theory

Professional Development Training Course Outline

Category Engineering Duration 10 Days

Online / On-site

Base Fee $2,200 USD Delivery Mode _
Hybrid

Course Introduction

I ntroduction

This intensive training course provides a comprehensive exploration of Advanced Antenna Design and
Array Theory, equipping participants with the in-depth knowledge and practical skills required to develop
cutting-edge radiating elements for modern wireless communication systems. Training Course on
Advanced Antenna Design and Array Theory delves into the fundamental principles of electromagnetic
theory, antenna parameters, and radiation mechanisms, then progresses to advanced topics such as
reconfigurable antennas, wideband antennas, and the intricate design of antenna arrays. Attendees will
gain expertise in optimizing antenna performance for critical metrics like gain, efficiency, bandwidth, and
radiation pattern, preparing them to innovate in fields ranging from 5G/6G wireless and IoT to radar
systems and satellite communications.

In an era of unprecedented demand for ubiquitous connectivity, high data rates, and compact,
efficient wireless devices, mastering advanced antenna design is paramount. This course covers
trending topics including Massive MIMO antenna arrays, millimeter-wave (mmWave) antenna
design, phased arrays, metamaterial antennas, Al/Machine Learning (ML) for antenna
optimization, and the challenges of integrating antennas into System-on-Chip (SoC) and portable
devices. Through rigorous theoretical analysis, practical design exercises using industry-standard
simulation tools (e.g., HFSS, CST), and real-world case studies, participants will develop
invaluable expertise in creating high-performance, intelligent antenna solutions that drive
innovation across diverse wireless applications.
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This intensive training course provides a comprehensive exploration of Advanced Antenna Design and Array
Theory, equipping participants with the in-depth knowledge and practical skills required to develop cutting-edge
radiating elements for modern wireless communication systems. Training Course on Advanced Antenna Design
and Array Theory delves into the fundamental principles of electromagnetic theory, antenna parameters, and
radiation mechanisms, then progresses to advanced topics such as reconfigurable antennas, wideband
antennas, and the intricate design of antenna arrays. Attendees will gain expertise in optimizing antenna
performance for critical metrics like gain, efficiency, bandwidth, and radiation pattern, preparing them to
innovate in fields ranging from 5G/6G wireless and |oT to radar systems and satellite communications.

In an era of unprecedented demand for ubiquitous connectivity, high data rates, and compact, efficient wireless
devices, mastering advanced antenna design is paramount. This course covers trending topics including
Massive MIMO antenna arrays, millimeter-wave (mmWave) antenna design, phased arrays, metamaterial
antennas, Al/Machine Learning (ML) for antenna optimization, and the challenges of integrating antennas into
System-on-Chip (SoC) and portable devices. Through rigorous theoretical analysis, practical design exercises
using industry-standard simulation tools (e.g., HFSS, CST), and real-world case studies, participants will
develop invaluable expertise in creating high-performance, intelligent antenna solutions that drive innovation
across diverse wireless applications.

Course duration

10 Days

Course Objectives
1. Understand the fundamental principles of electromagnetic radiation and antenna theory.

Analyze various antenna parameters including gain, directivity, impedance, and bandwidth.

Design and optimize common broadband and resonant antenna types.

Master the theory and design of linear and planar antenna arrays.

Implement advanced array synthesis techniques for desired radiation patterns.

Comprehend the principles of phased array antennas for beam steering and nulling.

Design antennas for millimeter-wave (mmWave) applications in 5G/6G.

Explore the concepts and applications of Massive MIMO antenna arrays.

Understand and apply reconfigurable antenna techniques for dynamic performance.

Analyze the performance of antennas and arrays using electromagnetic simulation software.

. Investigate emerging antenna technologies such as metamaterial antennas and integrated

antennas.

12. Apply Al/Machine Learning techniques for antenna optimization and design automation.

13. Contribute to the development of next-generation wireless systems through advanced antenna
solutions.
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Organizational Benefits
1. Enhanced Product Performance: Designing highly efficient and compact antennas for
wireless devices.
2. Improved Wireless System Reliability: Robust antennas for challenging propagation
environments.
3. Increased Data Rates and Coverage: Optimized antenna solutions for 5G/6G and beyond.
4. Reduced Product Size and Cost: Efficient integration of antennas into small form factors.



Faster Time-to-Market: Efficient design and simulation workflows.

Innovation in Wireless Solutions. Development of cutting-edge antenna technologies.
Competitive Advantage: Leading expertise in advanced antenna design.

Optimized Spectrum Utilization: Antennas designed for spectral efficiency.

Skilled Workforce: Empowered employees proficient in advanced antenna and array design.
10. Strategic IP Development: Creating proprietary antenna designs and technologies.
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Target Participants
« RF and Microwave Engineers
o Antenna Engineers
» Wireless Communication Engineers
 Aerospace and Defense Engineers
« Electronics Design Engineers

Course Outline
Module 1: Review of Electromagnetic Theory and Antenna Fundamentals

o Maxwell's Equations. Review of fundamental laws of €l ectromagnetism.

« Wave Propagation: Plane waves, polarization, reflection, and transmission.

« Antenna Definitions. Radiation pattern, directivity, gain, efficiency, bandwidth.

« Input Impedance and Matching: Standing Wave Ratio (SWR), impedance transformation.

« Case Study: Calculating the effective aperture and power received by asimple dipole
antenna.

Module 2: Basic Antenna Types and Characteristics

« Dipole Antennas: Half-wave dipole, folded dipole, and their variations.

« Monopole Antennas. Ground plane effects, quarter-wave monopole.

« Loop Antennas: Small loops, large loops, and their radiation patterns.

« Horn Antennas: Principles, types (pyramidal, conical), and applications.

« Case Study: Analyzing the radiation pattern and impedance of a half-wave dipole at a
specific frequency.

Module 3: Aperture Antennas and Reflectors

« Aperture Theory: Field equivalence principle, equivalent currents.

« Parabolic Reflector Antennas: Design, feed systems, and efficiency.

» Cassegrain and Gregorian Antennas. Dual-reflector systems for compact design.

o Lens Antennas: Dielectric lenses, Fresnel lenses.

« Case Study: Designing a parabolic dish antennafor a satellite communication ground station.

Module 4: Microstrip Patch Antennas

« Patch Antenna Principles. Cavity model, transmission line model.

» Feeding Techniques: Microstrip line, coaxial probe, aperture coupled.

« Design Parameters: Substrate material, dimensions, resonant frequency.

« Enhancing Bandwidth and Performance: Stacking, U-slot patches.

« Case Study: Designing arectangular microstrip patch antenna for Wi-Fi (2.4 GHz)
applications.



Module 5: Wideband and Multiband Antennas

« Techniquesfor Wideband Operation: Thickening, impedance matching networks.

» Log-Periodic Dipole Arrays (L PDAS): Freguency-independent antennas.

« Spiral Antennas: Circularly polarized, wideband.

« Fractal Antennas: Space-filling properties, multiband characteristics.

« Case Study: Designing alog-periodic dipole array for wideband signal reception across
multiple TV bands.

Module 6: Antennasfor Mobile and Portable Devices

« Miniaturization Techniques: Loading, meandering, shorting pins.

 Planar Inverted-F Antennas (PIFAs): Common in mobile phones.

« Antenna-in-Package (AiP) and Antenna-on-Chip (AoC): Integration challenges.

« Effect of Hand and Head Proximity: Detuning and efficiency reduction.

« Case Study: Analyzing the design challenges of integrating a multi-band antennainto a
smartphone.

Module 7: Introduction to Antenna Arrays

« Array Factor: Combining individual antenna patterns.

» Typesof Arrays: Linear, planar, circular.

o Uniform Linear Arrays (ULA): End-fire, broadside arrays.

« Grating Lobes and Side L obes: Managing unwanted radiation.

« Case Study: Calculating the array factor and plotting the radiation pattern of a 4-element
uniform linear array.

Module 8: Array Synthesis Techniques

« Dolph-Chebyshev Arrays: Achieving low side lobes with specific main beam width.

« Binomial Arrays. Maximizing side lobe suppression.

« Schelkunoff Polynomial Method: Genera array synthesis.

» Genetic Algorithms and Particle Swarm Optimization (PSO) for Array Synthesis.
Automated design.

» Case Study: Synthesizing alinear array with a Dol ph-Chebyshev amplitude distribution for a
specific side lobe level.

Module 9: Phased Array Antennas

« Phasing Principle: Steering the main beam electronically.

« Phase Shifters: Analog and digital phase shifters.

« Beam Steering and Null Steering: Directing and suppressing beams.

« Scan Loss and Grating L obe Formation in Scanned Arrays:. Practical considerations.

» Case Study: Designing a phased array antennato electronically scan its beam over a 60-
degree range.

Module 10: Massive MIM O Antenna Arrays

o Massive MIMO Concept: Very large number of antennas at the base station.

« Challenges of Massive MIM O Antennas. Cost, complexity, power consumption.

« Hybrid Beamforming Antenna Ar chitectures. Combining analog and digital.

« Channel Hardening and Pilot Contamination in Massive MIMO: Antennaimplications.

» Case Study: Discussing the design challenges of a 64x64 antenna array for a 5G Massive
MIMO base station.



Module 11: Millimeter-Wave (mmWave) Antenna Design

« mmWave Propagation Characteristics: High path loss, atmospheric absorption.

« Antenna Requirementsfor mmWave: High gain, small size, beamforming.

« Antenna-in-Package (AiP) Solutionsfor mmWave: Integration with RFICs.

« On-Chip Antennasfor THz Applications: Future trends.

« Case Study: Designing a patch antenna array for 28 GHz 5G mmWave communication.

Module 12: Reconfigurable Antennas

« Motivation for Reconfigurable Antennas. Bandwidth, frequency, pattern, polarization
reconfigurability.

» Switching M echanisms: PIN diodes, MEMS switches, varactor diodes.

« Tunable Antennas: Frequency tuning, impedance tuning.

« Applications: Cognitive radio, multi-band communication, sensing.

« Case Study: Designing areconfigurable patch antennathat can switch between two different
resonant frequencies.

Module 13;: Antenna M easurements and Characterization

« Anechoic Chambers: Creating controlled measurement environments,

« Antenna Radiation Pattern Measurement: Far-field and near-field techniques.

« Antenna lmpedance M easurement: Vector Network Analyzers (VNAS).

« Efficiency Measurement: Direct and indirect methods.

« Case Study: Interpreting measurement results from an anechoic chamber for a newly
designed antenna.

Module 14: Computational Electromagneticsfor Antenna Design

o Numerical M ethods Overview: Method of Moments (MoM), Finite Element Method
(FEM), Finite-Difference Time-Domain (FDTD).

o Commercial EM Simulators: ANSYSHFSS, CST Studio Suite, Keysight ADS.

» Meshing and Boundary Conditions. Setting up simulations correctly.

« Post-processing and Visualization: Interpreting simulation results.

« Case Study: Simulating the radiation pattern and impedance of a helical antenna using
commercial EM software.

Module 15: Emerging Trends and Future Antenna Technologies

« Metamaterial and Metasurface Antennas. Sub-wavelength structures for novel properties.
e Upcoming Scheduled Sessions

Start Date End Date Location Price

10 Aug 2026 21 Aug 2026 Online $2,200
17 Aug 2026 28 Aug 2026 Online $2,200
24 Aug 2026 04 Sep 2026 Online $2,200

31 Aug 2026 11 Sep 2026 Online $2,200



Start Date

07 Sep 2026

14 Sep 2026

21 Sep 2026

28 Sep 2026

End Date Location

18 Sep 2026 Online
25 Sep 2026 Online
02 Oct 2026 Online
09 Oct 2026 Online

Ready to enroll or request a customized program? Book online or contact us:

Register Online Now

$2,200

$2,200

$2,200

$2,200
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