Electromagnetic Compatibility: A
Practical Guide for Printed Circuit

Board Design

Introduction

Electromagnetic compatibility (EMC) is a crucial aspect
of electronic design, ensuring that devices and systems
function properly in their intended electromagnetic
environment without causing or being affected by
electromagnetic interference (EMI). Achieving EMC
compliance can be challenging, especially for printed
circuit board (PCB) designers, due to the complex
interactions between various components and signals

on a PCB.

This comprehensive guide provides PCB designers with
a thorough understanding of EMC principles and

practical techniques for designing PCBs that meet EMC
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requirements. Covering fundamental concepts, PCB
layout considerations, material selection, testing
methodologies, and advanced design techniques, this
book equips readers with the knowledge and skills

necessary to create EMC-compliant PCBs.

Whether you are a seasoned PCB designer seeking to
enhance your EMC expertise or a beginner eager to
learn the intricacies of EMC design, this book serves as
an invaluable resource. With clear explanations,
illustrative examples, and practical insights, this guide
empowers PCB designers to navigate the complexities
of EMC and deliver high-performance, reliable

electronic products.
In this book, you will delve into:

e The fundamentals of EMC, including EMI
sources, effects, and regulatory standards

e PCB layout techniques to minimize EMI, such as
proper grounding, shielding, and component

placement



e The impact of PCB materials and fabrication

processes on EMC performance

e Signal and power integrity concepts and their

relationship to EMC
e EMI testing methods and compliance procedures
e Advanced EMC design techniques for high-speed
and complex PCBs
e EMC considerations in system-level design and

emerging trends in EMC technology

By mastering the concepts and techniques presented in
this book, PCB designers can confidently create
products that meet EMC requirements, ensuring
seamless operation in a variety of electromagnetic

environments.



Book Description

Electromagnetic Compatibility: A Practical Guide
for Printed Circuit Board Design provides PCB
designers with a comprehensive understanding of EMC
principles and practical techniques for designing PCBs
that meet EMC requirements. Covering fundamental
concepts, PCB layout considerations, material selection,
testing methodologies, and advanced design
techniques, this book equips readers with the
knowledge and skills necessary to create EMC-

compliant PCBs.

With clear explanations, illustrative examples, and
practical insights, this guide empowers PCB designers
to navigate the complexities of EMC and deliver high-
performance, reliable electronic products. Inside, you'll

find:



e A thorough exploration of EMC fundamentals,
including EMI sources, effects, and regulatory
standards

e In-depth analysis of PCB layout techniques to
minimize EMI, such as proper grounding,
shielding, and component placement

e Detailed guidance on the impact of PCB materials
and fabrication processes on EMC performance

e Comprehensive coverage of signal and power
integrity concepts and their relationship to EMC

e  Step-by-step instructions for EMI testing methods
and compliance procedures

e Cutting-edge insights into advanced EMC design
techniques for high-speed and complex PCBs

e Expert advice on EMC considerations in system-
level design and emerging trends in EMC

technology

Whether you are a seasoned PCB designer seeking to

enhance your EMC expertise or a beginner eager to



learn the intricacies of EMC design, this book serves as
an invaluable resource. Master the concepts and
techniques presented in this book, and you'll be able to
confidently create products that meet EMC
requirements, ensuring seamless operation in a variety

of electromagnetic environments.



Chapter 1: EMC Fundamentals

1. Understanding Electromagnetic

Interference (EMI

Electromagnetic interference (EMI) is a disturbance
that affects an electrical circuit due to the presence of
electromagnetic energy from an external source,
degrading the performance of the affected circuit. EMI
can manifest in various forms, including conducted
emissions, radiated emissions, and susceptibility to
EMI. Conducted emissions are electrical disturbances
that propagate along conductive paths, such as power
lines or signal cables. Radiated emissions, on the other
hand, are electromagnetic waves that emanate from a
source, potentially interfering with nearby electronic
devices. Susceptibility to EMI refers to the vulnerability
of electronic circuits to external -electromagnetic

disturbances.



Sources of EMI are abundant in our modern world,
ranging from natural phenomena like lightning strikes
to man-made devices such as radio transmitters, power
lines, and electronic equipment. These sources
generate electromagnetic fields or waves that can
interfere with electronic circuits, causing malfunctions,
reduced performance, or even damage to sensitive

components.

The effects of EMI can be wide-ranging and depend on
the intensity of the interference and the susceptibility
of the affected circuit. Some common effects of EMI

include:

e Disruption of signal transmission, leading to data
errors or loss of communication

e Malfunction of electronic devices, potentially
causing safety hazards

e Unintended activation or deactivation of

electronic systems



e Degradation of performance, resulting in

reduced efficiency or reliability

e Increased susceptibility to electrostatic discharge

(ESD), which can damage electronic components

Understanding EMI is crucial for designing and
implementing electronic systems that can coexist
harmoniously in the presence of electromagnetic
disturbances. By employing appropriate EMI mitigation
techniques, electronic engineers can minimize the
impact of EMI and ensure the reliable operation of

electronic devices in various environments.



Chapter 1: EMC Fundamentals

2. Sources of EMI in Printed Circuit Boards

(PCBs

Printed circuit boards (PCBs) are ubiquitous in modern
electronic devices, serving as the foundation for
interconnecting and supporting various electronic
components. However, PCBs can also be a source of
electromagnetic interference (EMI), which can disrupt
the proper functioning of electronic systems.
Understanding the sources of EMI in PCBs is crucial for
designing and implementing effective mitigation

strategies.

1. Electrical Noise: - High-speed digital signals: Rapidly
switching digital signals can generate high-frequency
electrical noise, which can propagate through the PCB
and radiate as EMI. - Switching power supplies: The

switching action of power supplies can create high-
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frequency transients and harmonics, contributing to

EMI emissions.

2. Ground Bounce and Power Supply Noise: - Ground
bounce: When multiple high-speed signals share a
common ground path, switching transients can cause
fluctuations in the ground potential, known as ground
bounce. This can result in EMI generation. - Power
supply noise: Inadequate decoupling capacitors or poor
power distribution network design can lead to power

supply noise, which can be radiated as EMI.

3. Crosstalk: - Capacitive coupling: Adjacent signal
traces or layers with different signal levels can
capacitively couple, causing unwanted signal transfer
between them, leading to EMI. - Inductive coupling:
Magnetic fields generated by current flow in signal
traces can induce unwanted signals in nearby traces,

resulting in EMI.

4. Component-Level EMI: - Active components:

Integrated circuits (ICs) and other active components
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can generate EMI due to internal switching operations
and high-frequency signal processing. - Passive
components: Inductors, capacitors, and transformers
can also contribute to EMI due to their inherent

parasitics and non-ideal behavior.

5. PCB Layout and Design Factors: - Improper layout:
Poor component placement, inadequate grounding,
and improper signal routing can exacerbate EMI issues.
- Lack of shielding: Insufficient shielding of sensitive
components or cables can allow EMI to escape and

interfere with other devices.

To mitigate EMI in PCBs, designers employ various
techniques such as proper grounding and shielding,
careful component placement and routing, and the use
of EMI filters and absorbers. By understanding the
sources of EMI and implementing effective mitigation
strategies, engineers can ensure that PCBs meet EMC
compliance requirements and function reliably in their

intended environments.
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Chapter 1: EMC Fundamentals

3. Effects of EMI on Electronic Circuits

Electromagnetic interference (EMI) can have a wide
range of effects on electronic circuits, from minor
disruptions to complete failure. The severity of the
effects depends on a number of factors, including the
strength of the EMI signal, the frequency of the EMI
signal, and the susceptibility of the electronic circuit to

EMIL

EMI signals can cause a variety of problems in

electronic circuits, including:

e Circuit malfunctions: EMI signals can cause
electronic circuits to malfunction by interfering
with the flow of electrons in the circuit. This can
lead to incorrect results, data loss, or even

damage to the circuit.

e Component damage: EMI signals can also

damage electronic components by overheating
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them or causing them to fail. This can lead to the

failure of the entire electronic circuit.

e Reduced performance: EMI signals can also
reduce the performance of electronic circuits by
slowing them down or causing them to operate
less efficiently. This can lead to problems such as
dropped calls, slow internet speeds, or video

distortion.

EMI signals can also affect the safety of electronic
circuits. For example, EMI signals can cause medical
devices to malfunction, which can lead to serious

injury or even death.

It is important to take steps to protect electronic
circuits from EMI. This can be done by using shielding,
filtering, and grounding techniques. Shielding can be
used to block EMI signals from entering the circuit,
while filtering can be used to remove EMI signals from

the circuit. Grounding can be used to provide a low-
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impedance path for EMI signals to flow, which helps to

reduce their effects on the circuit.

By taking steps to protect electronic circuits from EMI,
it is possible to ensure that they operate properly and

safely.
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This extract presents the opening three

sections of the first chapter.

Discover the complete 10 chapters and
50 sections by purchasing the book,

now available in various formats.
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