
pcb design for real world emi control
pcb design for real world emi control is a critical aspect of modern
electronics engineering, ensuring devices function reliably in complex
electromagnetic environments. Electromagnetic interference (EMI) can degrade
performance, cause malfunctions, or lead to regulatory non-compliance. This
article explores the essential principles and practical techniques for
effective PCB layout and design to mitigate EMI issues in real-world
applications. By understanding the sources of EMI and implementing strategic
board-level solutions, engineers can enhance device robustness and meet
stringent electromagnetic compatibility (EMC) requirements. This discussion
covers grounding strategies, component placement, trace routing, shielding,
and filtering approaches tailored for real-world EMI control. Below is an
overview of the key topics addressed throughout this article.

Fundamentals of EMI and PCB Design

Grounding Techniques for EMI Reduction

Component Placement and Layout Strategies

Trace Routing and Signal Integrity

Shielding and Filtering Methods

Testing and Validation for EMI Compliance

Fundamentals of EMI and PCB Design
Understanding the basics of electromagnetic interference (EMI) is
foundational for effective pcb design for real world emi control. EMI refers
to unwanted electromagnetic energy that disrupts the normal operation of
electronic circuits. It stems from sources such as switching power supplies,
high-frequency digital signals, and external environmental factors. The PCB
acts as both a victim and a potential source of EMI, making careful design
essential to minimizing emissions and susceptibility.

Designers must consider both conducted and radiated EMI mechanisms. Conducted
EMI travels along power and signal lines, while radiated EMI propagates
through space. The goal is to reduce the generation and propagation of
interference by controlling current loops, minimizing high-frequency
transitions, and ensuring proper return paths. Employing electromagnetic
compatibility (EMC) principles early in the design process leads to more
robust and reliable electronic products.



Grounding Techniques for EMI Reduction
Effective grounding is crucial for pcb design for real world emi control, as
it provides a reference point for signals and a path for noise currents to
return without radiating interference. Poor grounding can create ground loops
and increase EMI emissions.

Single-Point vs. Multi-Point Grounding
Single-point grounding involves connecting all ground references to a common
node, reducing circulating currents. This method is suitable for low-
frequency applications. Multi-point grounding connects grounds at multiple
locations, beneficial for high-frequency designs to reduce impedance.
Choosing the appropriate grounding scheme depends on the operating frequency
and system architecture.

Ground Planes and Layer Stackup
Incorporating continuous ground planes within multilayer PCBs significantly
improves EMI performance. Ground planes provide low impedance return paths,
reduce loop areas, and shield sensitive signals from interference. The layer
stackup should be designed to place signal layers adjacent to ground or power
planes, optimizing electromagnetic coupling and minimizing crosstalk.

Component Placement and Layout Strategies
Strategic component placement is a vital part of pcb design for real world
emi control. The physical arrangement of components influences signal
integrity and electromagnetic emissions.

Separating Analog and Digital Circuits
Segregating analog and digital components limits interference between noisy
digital signals and sensitive analog circuitry. Dedicated ground and power
domains for each section can further enhance EMI control by reducing
coupling.

Placing Decoupling Capacitors
Decoupling capacitors should be placed as close as possible to integrated
circuit power pins to suppress high-frequency noise effectively. This
minimizes voltage fluctuations and reduces EMI generated by switching
currents.



Minimizing Loop Areas
Reducing the loop area formed by signal and return paths is essential for
minimizing radiated emissions. Components should be oriented to allow short,
direct routing of critical signals and their returns.

Trace Routing and Signal Integrity
Careful trace routing is a cornerstone of pcb design for real world emi
control, impacting both emission and susceptibility.

Controlled Impedance and Differential Pair Routing
Maintaining controlled impedance in high-speed signal lines reduces
reflections and signal degradation. Differential pairs should be routed with
consistent spacing and length matching to cancel common-mode noise
effectively.

Avoiding Right-Angle Traces and Stubs
Right-angle bends in traces can cause impedance discontinuities and increase
EMI. Using 45-degree angles or curved traces helps maintain signal integrity.
Stubs should be minimized to prevent signal reflections and unintended
antenna effects.

Layer Transition and Via Usage
Excessive use of vias can increase inductance and generate EMI hotspots.
Designers should optimize via placement and count, ensuring smooth
transitions between layers while maintaining signal quality.

Shielding and Filtering Methods
Physical shielding and effective filtering complement pcb design techniques
for real world emi control to suppress unwanted emissions and improve
immunity.

Implementing Grounded Shields
Metallic shields connected to ground can enclose sensitive components or
entire PCB areas. Shields block electromagnetic fields and prevent radiation
from escaping or entering the circuit.



Filter Components and Networks
Filters such as ferrite beads, common-mode chokes, and EMI suppression
capacitors are used on power and signal lines to attenuate high-frequency
noise. Proper selection and placement of these components are critical for
effective EMI mitigation.

Use of Ferrite Beads and EMI Gaskets
Ferrite beads suppress high-frequency noise by presenting high impedance at
targeted frequencies, while EMI gaskets improve shielding effectiveness at
enclosure interfaces, preventing leakage paths.

Testing and Validation for EMI Compliance
Verification of pcb design for real world emi control requires thorough
testing to ensure compliance with regulatory standards and to identify
potential issues prior to mass production.

Pre-Compliance Testing
Early-stage testing using near-field probes and spectrum analyzers helps
detect EMI hotspots and design weaknesses. This proactive approach reduces
costly redesigns and expedites product development.

Full Compliance and Certification
Final products undergo standardized EMI testing in controlled environments
such as anechoic chambers. Meeting standards like FCC, CISPR, or MIL-STD
confirms that the PCB design effectively controls EMI under real-world
conditions.

Design Iteration and Optimization
Test results guide iterative improvements in PCB layout, grounding,
shielding, and filtering. Continuous refinement ensures robust EMI
performance in diverse operational environments.

Understand EMI sources and mechanisms

Implement appropriate grounding strategies

Optimize component placement to reduce noise coupling



Route traces to maintain signal integrity and minimize emissions

Apply shielding and filtering for additional EMI suppression

Perform comprehensive testing to validate EMI control measures

Frequently Asked Questions

What is EMI in the context of PCB design?
EMI stands for Electromagnetic Interference, which refers to unwanted
electromagnetic energy that can disrupt the normal operation of electronic
circuits on a PCB.

Why is EMI control important in real-world PCB
design?
EMI control is crucial to ensure reliable operation of electronic devices,
prevent malfunction or failure, comply with regulatory standards, and avoid
interference with other nearby electronic equipment.

What are common PCB layout techniques to minimize
EMI?
Common techniques include proper grounding and shielding, minimizing loop
areas, using ground planes, careful component placement, routing high-speed
signals away from sensitive circuits, and controlled impedance traces.

How does the choice of PCB stack-up affect EMI
performance?
A well-designed PCB stack-up with dedicated ground and power planes helps
reduce EMI by providing low-inductance return paths and minimizing crosstalk
between layers.

What role do decoupling capacitors play in EMI
control on PCBs?
Decoupling capacitors filter out high-frequency noise from power supply
lines, reducing voltage fluctuations and suppressing EMI generated by
switching components.



How can differential pair routing help in EMI
control?
Differential pair routing reduces EMI by ensuring that noise currents in the
two conductors cancel each other out, minimizing electromagnetic radiation
and susceptibility.

What are some real-world challenges in implementing
EMI control on PCBs?
Challenges include space constraints, cost limitations, complex signal
integrity requirements, mixed-signal environments, and meeting stringent
regulatory standards.

How can simulation tools assist in EMI control
during PCB design?
Simulation tools help predict EMI issues by modeling electromagnetic
behavior, allowing designers to optimize trace routing, component placement,
and stack-up before manufacturing.

Additional Resources
1. EMI Control Techniques for Printed Circuit Boards
This book provides a comprehensive overview of electromagnetic interference
(EMI) challenges in PCB design and effective techniques to mitigate them. It
covers grounding, shielding, filtering, and layout strategies to reduce noise
and improve signal integrity. Practical examples and design guidelines make
it suitable for engineers working on real-world EMI problems.

2. High-Speed PCB Design and Real-World EMI Mitigation
Focused on high-speed digital circuits, this book explains how fast switching
speeds contribute to EMI issues and presents design methodologies to control
emissions. It addresses signal integrity, power distribution, and grounding
techniques to minimize interference. The book is ideal for designers seeking
to balance performance with compliance in complex PCB layouts.

3. Practical EMI Control in PCB Design
This title provides hands-on advice for controlling EMI in practical PCB
projects, emphasizing real-world constraints and manufacturing
considerations. It discusses component placement, trace routing, and the use
of materials to reduce electromagnetic noise. The book also includes case
studies illustrating successful EMI reduction strategies.

4. PCB Design for EMC: A Practical Approach
A focused guide on designing printed circuit boards to meet electromagnetic
compatibility (EMC) standards, this book combines theory with actionable
design tips. It covers layout techniques, grounding schemes, and filtering



solutions tailored to real-world applications. Engineers will find clear
explanations on how to ensure their designs pass EMC tests.

5. Signal Integrity and EMI in PCB Layout
This book delves into the relationship between signal integrity and
electromagnetic interference in PCB layouts. It explains how improper design
can lead to noise and signal degradation, offering solutions to maintain
clean signals. Topics include transmission line effects, crosstalk, and power
integrity, all framed within the context of EMI control.

6. EMI and EMC in PCB Design: A Modern Perspective
Offering an up-to-date examination of EMI and EMC challenges, this book
integrates the latest industry practices and standards. It provides insight
into simulation tools and measurement techniques used to predict and control
EMI in PCB designs. Readers gain a thorough understanding of how to design
boards that function reliably in noisy environments.

7. Real-World PCB Layout Techniques for EMI Reduction
This practical guide focuses on layout strategies that minimize EMI emissions
in everyday PCB designs. It highlights the importance of layer stack-up,
component selection, and routing discipline to achieve low-noise circuits.
The book also discusses the impact of manufacturing processes on EMI
performance.

8. Electromagnetic Compatibility in PCB Design: Principles and Practices
Covering both foundational principles and practical implementations, this
book helps engineers design PCBs compliant with EMC regulations. It addresses
common sources of EMI and offers step-by-step guidelines to mitigate
interference through design choices. The content is enriched with diagrams
and real-life examples.

9. Advanced PCB Design for EMI Control and Compliance
This advanced-level book explores complex techniques for controlling EMI in
cutting-edge PCB designs. It includes topics such as mixed-signal layouts,
differential signaling, and advanced grounding methodologies. The book is
suited for experienced designers aiming to achieve stringent EMI compliance
in sophisticated electronic systems.
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PCB Design for Real-World EMI Control

Electromagnetic interference (EMI) is an unavoidable consequence of the ever-increasing density
and complexity of electronic circuits. Uncontrolled EMI can lead to malfunctioning devices, data
corruption, and even safety hazards. Effective EMI control during the PCB design phase is crucial
for ensuring the reliability and compliance of electronic products. This comprehensive guide delves
into the practical aspects of managing EMI in real-world PCB designs, offering both theoretical
understanding and hands-on techniques.

1. Understanding Electromagnetic Interference (EMI) and its
Sources



Electromagnetic interference (EMI) refers to any electromagnetic disturbance that disrupts the
normal operation of electronic equipment. This disturbance can be either conducted, meaning it
travels through wires and connectors, or radiated, meaning it propagates through free space.

Types of EMI:

Conducted EMI: This type of EMI travels along conductive paths like power lines, signal lines, and
ground planes. It often originates from switching power supplies, motor drives, and other devices
that generate high-frequency transients. Conducted EMI can be mitigated by using filters, proper
grounding techniques, and shielded cables.

Radiated EMI: This type of EMI propagates through the air as electromagnetic waves. Sources
include high-speed digital circuits, antennas, and RF transmitters. Radiated EMI can be controlled
by using shielding enclosures, proper PCB layout techniques, and absorbing materials.

Common EMI Sources in Electronic Circuits:

Switching power supplies: These are major culprits due to their fast switching transients.
High-speed digital circuits: Fast rise and fall times generate significant EMI.
Motors and actuators: These produce significant EMI due to the commutation process.
RF transmitters: These intentionally radiate electromagnetic energy, but need to be controlled to
avoid interference.
Inductive components: Inductors and transformers can radiate EMI due to their magnetic fields.

Regulatory Compliance Standards:

Designing for EMI compliance is critical for bringing products to market. Numerous standards exist,
varying by region and application. Key standards include:

FCC (Federal Communications Commission): Regulates EMI emissions in the United States.
CISPR (International Special Committee on Radio Interference): Develops international standards
for EMI.
CE Marking (Conformité Européenne): Indicates compliance with relevant EU directives, including
EMI regulations.

Meeting these standards requires careful consideration of EMI throughout the design process.

2. PCB Layout Techniques for EMI Reduction

Effective PCB layout is paramount for EMI control. A well-planned layout can significantly reduce
EMI emissions and susceptibility.

Grounding Techniques:

Single-point grounding: All grounds connect to a single point. This simplifies grounding but can



create ground loops if not implemented carefully.
Multi-point grounding: Grounding is distributed throughout the PCB, reducing ground loop issues.
This requires careful planning and potentially the use of ground planes.

Power Plane Design and Decoupling Capacitors:

Power planes provide a low-impedance path for currents, minimizing voltage fluctuations and
reducing EMI. Decoupling capacitors placed close to integrated circuits filter out high-frequency
noise.

Signal Routing and Impedance Matching:

Careful signal routing minimizes EMI radiation. Maintaining consistent impedance along signal
traces helps prevent reflections and signal integrity issues. Using controlled impedance traces is
crucial for high-speed signals.

Component Placement Strategies:

Strategically placing components minimizes EMI. Sensitive analog components should be separated
from noisy digital components. High-frequency components should be placed close to their
associated decoupling capacitors.

3. Shielding and Filtering Techniques

Shielding and filtering are essential for controlling EMI.

Types of Shielding:

Conductive shielding: Uses conductive materials like metal enclosures or conductive coatings to
block electromagnetic fields.
Magnetic shielding: Uses high-permeability materials like mu-metal to deflect magnetic fields.

Selection of Appropriate Shielding Materials:

The choice of shielding material depends on the frequency range and type of EMI being addressed.
Conductive shielding is effective against high-frequency radiated EMI, while magnetic shielding is
better for low-frequency magnetic fields.

Filter Design and Implementation:

Filters attenuate unwanted frequencies. Common filter types include:

LC filters: Use inductors and capacitors to attenuate specific frequency ranges.
Pi filters: A type of LC filter with a capacitor at both input and output.



4. Simulation and Measurement Techniques

Simulation and measurement are crucial for verifying EMI control effectiveness.

EMI Simulation Tools and Techniques:

Software tools like ANSYS HFSS and CST Microwave Studio simulate EMI behavior, allowing
designers to optimize their layouts before prototyping.

Measurement Methods and Equipment:

EMI measurements require specialized equipment, including:

EMI receivers: Measure the level of EMI emissions.
EMC chambers: Controlled environments for accurate EMI testing.
Near-field probes: Measure electromagnetic fields close to the device.

Interpretation of EMI Test Results:

Interpreting test results requires understanding EMI standards and identifying potential sources of
interference. This often involves iterative design refinement.

5. Case Studies and Best Practices

Real-world examples highlight the effectiveness of various EMI control strategies. Studying
successful designs provides valuable insights. Common pitfalls, such as improper grounding or
inadequate shielding, should be avoided. Troubleshooting techniques should be employed to identify
and mitigate EMI problems.

Conclusion: Future Trends and Advancements in EMI Control

The demand for smaller, faster, and more complex electronic devices is driving ongoing innovation
in EMI control. Advanced materials, simulation techniques, and integrated circuit designs are
constantly improving our ability to manage EMI. The future of EMI control lies in integrating these
advancements into efficient and reliable designs.

---



FAQs:

1. What is the difference between conducted and radiated EMI? Conducted EMI travels through
wires, while radiated EMI propagates through space.

2. How do decoupling capacitors reduce EMI? They filter out high-frequency noise by providing a
low-impedance path to ground.

3. What are the key considerations for choosing a shielding material? Frequency range, shielding
effectiveness, cost, and weight.

4. What are some common causes of EMI in PCB designs? Poor grounding, inadequate shielding,
improper component placement, and high-speed digital circuits.

5. How can I simulate EMI in my PCB design? Use specialized electromagnetic simulation software
like ANSYS HFSS or CST Microwave Studio.

6. What are the typical standards for EMI compliance? FCC, CISPR, and CE marking are common
standards.

7. What is the significance of impedance matching in EMI control? It reduces signal reflections that
can contribute to EMI.

8. How can I troubleshoot EMI issues in an existing PCB design? Use diagnostic tools, analyze test
results, and systematically address potential sources of interference.

9. What are the future trends in PCB design for EMI control? Advanced materials, simulation
techniques, and integrated circuit design improvements.

Related Articles:

1. Grounding Techniques for PCB EMI Control: Details various grounding strategies and their
effectiveness in reducing EMI.
2. Power Plane Design Best Practices for EMI Mitigation: Focuses on optimizing power plane design
for effective EMI control.
3. Shielding Effectiveness of Different Materials: Compares the performance of various shielding
materials for EMI reduction.
4. LC Filter Design for Conducted EMI: Explains the design process for LC filters for attenuating
conducted EMI.
5. PCB Layout Guidelines for High-Speed Digital Signals: Provides layout tips to minimize EMI in
high-speed circuits.
6. EMI Simulation and Analysis Techniques: Explains the use of simulation tools in EMI analysis and
design optimization.
7. Interpreting EMI Test Results and Troubleshooting Techniques: Guides readers on interpreting
test results and addressing EMI problems.



8. Case Studies of Successful EMI Control Strategies: Presents real-world examples of effective EMI
control implementation.
9. Future Trends in EMI Control Technologies: Discusses emerging technologies and future
advancements in EMI control.

  pcb design for real world emi control: PCB Design for Real-World EMI Control Bruce R.
Archambeault, James Drewniak, 2002-08-31 This book emphasizes understanding basic concepts of
controlling the currents on printed circuit boards (pcb's), and provides a wealth of insightful
information detailing the possible sources of emissions. Numerous design strategies are presented
to help readers understand how to produce, control and eliminate emission sources. Additional
highlights include the following: -Information explaining how to design pcb's to pass EMC
Requirements the first time! -Controlling intentional and unintentional currents at their source;
-Decoupling strategies explained and myths exposed; -Proper I/O filter design and connection
strategy explained; -Not simply a list of do's and don't's....but an explanation of why things work as
they do; -Ground is a place where potatoes and carrots grow! -Basic shielding design considerations
for PCBs included, and more. This 'hands-on' book will help designers understand why or why not to
implement a specific design practice.
  pcb design for real world emi control: PCB Design for Real-World EMI Control Bruce
Archambeault, James Drewniak, 2014-01-15
  pcb design for real world emi control: PCB Design for Real-World EMI Control Bruce R.
Archambeault, James Drewniak, 2013-06-29 Proper design of printed circuit boards can make the
difference between a product passing emissions requirements during the first cycle or not.
Traditional EMC design practices have been simply rule-based, that is, a list of rules-of-thumb are
presented to the board designers to implement. When a particular rule-of-thumb is difficult to
implement, it is often ignored. After the product is built, it will often fail emission requirements and
various time consuming and costly add-ons are then required. Proper EMC design does not require
advanced degrees from universities, nor does it require strenuous mathematics. It does require a
basic understanding of the underlying principles of the potential causes of EMC emissions. With this
basic understanding, circuit board designers can make trade-off decisions during the design phase
to ensure optimum EMC design. Consideration of these potential sources will allow the design to
pass the emissions requirements the first time in the test laboratory. A number of other books have
been published on EMC. Most are general books on EMC and do not focus on printed circuit board is
intended to help EMC engineers and design design. This book engineers understand the potential
sources of emissions and how to reduce, control, or eliminate these sources. This book is intended to
be a 'hands-on' book, that is, designers should be able to apply the concepts in this book directly to
their designs in the real-world.
  pcb design for real world emi control: PCB Design Guide to Via and Trace Currents and
Temperatures Douglas Brooks, Johannes Adam, 2021-02-28 A very important part of printed circuit
board (PCB) design involves sizing traces and vias to carry the required current. This exciting new
book will explore how hot traces and vias should be and what board, circuit, design, and
environmental parameters are the most important. PCB materials (copper and dielectrics) and the
role they play in the heating and cooling of traces are covered. The IPC curves found in IPC 2152,
the equations that fit those curves and computer simulations that fit those curves and equations are
detailed. Sensitivity analyses that show what happens when environments are varied, including
adjacent traces and planes, changing trace lengths, and thermal gradients are presented. Via
temperatures and what determines them are explored, along with fusing issues and what happens
when traces are overloaded. Voltage drops across traces and vias, the thermal effects going around
right-angle corners, and frequency effects are covered. Readers learn how to measure the thermal
conductivity of dielectrics and how to measure the resistivity of copper traces and why many prior
attempts to do so have been doomed to failure. Industrial CT Scanning, and whether or not they



might replace microsections for measuring trace parameters are also considered.
  pcb design for real world emi control: EMC and the Printed Circuit Board Mark I.
Montrose, 2004-04-05 This accessible, new reference work shows how and why RF energy iscreated
within a printed circuit board and the manner in whichpropagation occurs. With lucid explanations,
this book enablesengineers to grasp both the fundamentals of EMC theory and signalintegrity and
the mitigation process needed to prevent an EMCevent. Author Montrose also shows the
relationship between time andfrequency domains to help you meet mandatory
compliancerequirements placed on printed circuit boards. Using real-world examples the book
features: Clear discussions, without complex mathematical analysis, offlux minimization concepts
Extensive analysis of capacitor usage for variousapplications Detailed examination of components
characteristics with variousgrounding methodologies, including implementation techniques An
in-depth study of transmission line theory A careful look at signal integrity, crosstalk,
andtermination
  pcb design for real world emi control: Fast Circuit Boards Ralph Morrison, 2018-01-31 An
essential guide to modern circuit board design based on simple physics and practical applications
The fundamentals taught in circuit theory were never intended to work above a few megahertz, let
alone at a gigahertz. While electronics is grounded in physics, most engineers’ education in this area
is too general and mathematical to be easily applied to the problem of high speed circuits. Left to
their own devices, many engineers produce layouts that require expensive revisions in order to
finally meet specifications. Fast Circuit Boards fills the gap in knowledge by providing clear,
down-to-earth guidance on designing digital circuit boards that function at high clock rates. By
making the direct connection between physics and fast circuits, this book instills the fundamental
universal principles of information transfer to give engineers a solid basis for hardware design.
Using simple tools, simple physics, and simple language, this invaluable resource walks through
basic electrostatics, magnetics, wave mechanics, and more to bring the right technology down to the
working level. Designed to be directly relevant and immediately useful to circuit board designers,
this book: Properly explains the problems of fast logic and the appropriate tools Applies basic
principles of physics to the art of laying out circuit boards Simplifies essential concepts scaled up to
the gigahertz level, saving time, money, and the need for revisions Goes beyond circuit theory to
provide a deep, intuitive understanding of the mechanisms at work Demonstrates energy
management’s role in board design through step function-focused transmission line techniques
Engineers and technicians seeking a more systematic approach to board design and a deeper
understanding of the fundamental principles at work will find tremendous value in this highly
practical, long-awaited text.
  pcb design for real world emi control: Printed Circuit Board Design Techniques for
EMC Compliance Mark I. Montrose, 2000-07-04 Electromagnetic compatibility (EMC) is an
engineering discipline often identified as black magic. This belief exists because the fundamental
mechanisms on how radio frequency (RF) energy is developed within a printed circuit board (PCB) is
not well understood by practicing engineers. Rigorous mathematical analysis is not required to
design a PCB. Using basic EMC theory and converting complex concepts into simple analogies helps
engineers understand the mitigation process that deters EMC events from occurring. This
user-friendly reference covers a broad spectrum of information never before published, and is as
fluid and comprehensive as the first edition. The simplified approach to PCB design and layout is
based on real-life experience, training, and knowledge. Printed Circuit Board Techniques for EMC
Compliance, Second Edition will help prevent the emission or reception of unwanted RF energy
generated by components and interconnects, thus achieving acceptable levels of EMC for electrical
equipment. It prepares one for complying with stringent domestic and international regulatory
requirements. Also, it teaches how to solve complex problems with a minimal amount of theory and
math. Essential topics discussed include: * Introduction to EMC * Interconnects and I/O * PCB basics
* Electrostatic discharge protection * Bypassing and decoupling * Backplanes-Ribbon
Cables-Daughter Cards * Clock Circuits-Trace Routing-Terminations * Miscellaneous design



techniques This rules-driven book-formatted for quick access and cross-reference-is ideal for
electrical and EMC engineers, consultants, technicians, and PCB designers regardless of experience
or educational background. Sponsored by: IEEE Electromagnetic Compatibility Society
  pcb design for real world emi control: The Circuit Designer's Companion Tim Williams,
2013-10-22 The Circuit Designer's Companion covers the theoretical aspects and practices in
analogue and digital circuit design. Electronic circuit design involves designing a circuit that will
fulfill its specified function and designing the same circuit so that every production model of it will
fulfill its specified function, and no other undesired and unspecified function. This book is composed
of nine chapters and starts with a review of the concept of grounding, wiring, and printed circuits.
The subsequent chapters deal with the passive and active components of circuitry design. These
topics are followed by discussions of the principles of other design components, including linear
integrated circuits, digital circuits, and power supplies. The remaining chapters consider the vital
role of electromagnetic compatibility in circuit design. These chapters also look into safety, design of
production, testability, reliability, and thermal management of the designed circuit. This book is of
great value to electrical and design engineers.
  pcb design for real world emi control: EMI/EMC Computational Modeling Handbook
Bruce R. Archambeault, Omar M. Ramahi, Colin Brench, 2013-04-17 The application of
computational electromagnetics to practical EMI/EMC engineering is an emerging technology.
Because of the increased complexity in EMI/EMC issues resulting from advancements in electronics
and telecommunications, it is no longer possible to rely exclusively on traditional techniques and
tools to solve the growing list of electronic engineering design problems. EMI/EMC Computational
Modeling Handbook introduces modeling and simulation of electromagnetics to real-world EMI/EMC
engineering. It combines the essentials of electromagnetics, computational techniques, and actual
EMI/EMC applications. Included are such popular full-wave computational modeling techniques as
the Method of Moments, Finite-Difference Time Domain Technique, Finite Element Method, and
several others. The authors have included a myriad of applications for computers,
telecommunications, consumer electronics, medical electronics, and military uses. EMI/EMC
Computational Modeling Handbook is an invaluable reference work for practicing EMI/EMC
engineers, electronic design engineers, and any engineer involved in computational
electromagnetics.
  pcb design for real world emi control: Right the First Time Lee W. Ritchey, 2003
  pcb design for real world emi control: Complete PCB Design Using OrCAD Capture and
PCB Editor Kraig Mitzner, 2009-05-28 This book provides instruction on how to use the OrCAD
design suite to design and manufacture printed circuit boards. The primary goal is to show the
reader how to design a PCB using OrCAD Capture and OrCAD Editor. Capture is used to build the
schematic diagram of the circuit, and Editor is used to design the circuit board so that it can be
manufactured. The book is written for both students and practicing engineers who need in-depth
instruction on how to use the software, and who need background knowledge of the PCB design
process. - Beginning to end coverage of the printed circuit board design process. Information is
presented in the exact order a circuit and PCB are designed - Over 400 full color illustrations,
including extensive use of screen shots from the software, allow readers to learn features of the
product in the most realistic manner possible - Straightforward, realistic examples present the how
and why the designs work, providing a comprehensive toolset for understanding the OrCAD software
- Introduces and follows IEEE, IPC, and JEDEC industry standards for PCB design. - Unique chapter
on Design for Manufacture covers padstack and footprint design, and component placement, for the
design of manufacturable PCB's - FREE CD containing the OrCAD demo version and design files
  pcb design for real world emi control: Complete PCB Design Using OrCad Capture and
Layout Kraig Mitzner, 2011-04-01 Complete PCB Design Using OrCad Capture and Layout provides
instruction on how to use the OrCAD design suite to design and manufacture printed circuit boards.
The book is written for both students and practicing engineers who need a quick tutorial on how to
use the software and who need in-depth knowledge of the capabilities and limitations of the software



package. There are two goals the book aims to reach: The primary goal is to show the reader how to
design a PCB using OrCAD Capture and OrCAD Layout. Capture is used to build the schematic
diagram of the circuit, and Layout is used to design the circuit board so that it can be manufactured.
The secondary goal is to show the reader how to add PSpice simulation capabilities to the design,
and how to develop custom schematic parts, footprints and PSpice models. Often times separate
designs are produced for documentation, simulation and board fabrication. This book shows how to
perform all three functions from the same schematic design. This approach saves time and money
and ensures continuity between the design and the manufactured product. - Information is
presented in the exact order a circuit and PCB are designed - Straightforward, realistic examples
present the how and why the designs work, providing a comprehensive toolset for understanding the
OrCAD software - Introduction to the IPC, JEDEC, and IEEE standards relating to PCB design -
Full-color interior and extensive illustrations allow readers to learn features of the product in the
most realistic manner possible
  pcb design for real world emi control: Testing for EMC Compliance Mark I. Montrose,
Edward M. Nakauchi, 2004-07-26 The Keep It Simple (KISS) philosophy is the primary focus of this
book. It is written in very simple language with minimal math, as a compilation of helpful EMI
troubleshooting hints. Its light-hearted tone is at odds with the extreme seriousness of most
engineering reference works that become boring after a few pages. This text tells engineers what to
do and how to do it. Only a basic knowledge of math, electronics, and a basic understanding of
EMI/EMC are necessary to understand the concepts and circuits described. Once EMC
troubleshooting is demystified, readers learn there are quick and simple techniques to solve
complicated problems a key aspect of this book. Simple and inexpensive methods to resolve EMI
issues are discussed to help generate unique ideas and methods for developing additional diagnostic
tools and measurement procedures. An appendix on how to build probes is included. It can be a fun
activity, even humorous at times with bizarre techniques (i.e., the sticky finger probe).
  pcb design for real world emi control: EMI Filter Design Richard Lee Ozenbaugh, Timothy
M. Pullen, 2000-11-09 Offering simple methods of measuring AC and DC power lines, this highly
popular, revised and expanded reference describes the selection of cores, capacitors, mechanical
shapes, and styles for the timeliest design, construction, and testing of filters. It presents analyses of
matrices of various filter types based on close approximations, observation, and trial and error.
Supplying simple parameters and techniques for creating manufacturable, repeatable products, the
second edition provides insights into the cause and elimination of common mode noise in lines and
equipment, explores new data on spike, pulse, trapezoid, and quasisquare waves, and reviews the
latest high-current filters.
  pcb design for real world emi control: Controlling Radiated Emissions by Design Michel
Mardiguian, 2014-05-28 The 3rd edition of Controlling Radiated Emissions by Design has been
updated to reflect the latest changes in the field. New to this edition is material on aspects of
technical advance, specifically long term energy efficiency, energy saving, RF pollution control, etc.
This book retains the step-by-step approach for incorporating EMC into every new design, from the
ground up. It describes the selection of quieter IC technologies, their implementation into a
noise-free printed circuit layout, and the gathering of all these into low radiation packaging,
including I/O filtering, connectors and cables considerations. All guidelines are supported by
thorough and comprehensive calculated examples. Design engineers, EMC specialists and
technicians will benefit from learning about the development of more efficient and economical
control of emissions.
  pcb design for real world emi control: Automotive Electromagnetic Compatibility (EMC)
Terence Rybak, Mark Steffka, 2007-06-14 Anyone who has operated, serviced, or designed an
automobile or truck in the last few years has most certainly noticed that the age of electronics in our
vehicles is here! Electronic components and systems are used for everything from the traditional
entertainment system to the latest in “drive by wire”, to two-way communication and navigation. The
interesting fact is that the automotive industry has been based upon mechanical and materials



engineering for much of its history without many of the techniques of electrical and electronic
engineering. The emissions controls requirements of the 1970’s are generally recognized as the time
when electronics started to make their way into the previous mechanically based systems and
functions. While this revolution was going on, the electronics industry developed issues and
concepts that were addressed to allow interoperation of the systems in the presence of each other
and with the external environment. This included the study of electromagnetic compatibility, as
systems and components started to have influence upon each other just due to their operation. EMC
developed over the years, and has become a specialized area of engineering applicable to any area
of systems that included electronics. Many well-understood aspects of EMC have been developed,
just as many aspects of automotive systems have been developed. We are now at a point where the
issues of EMC are becoming more and more integrated into the automotive industry.
  pcb design for real world emi control: Analog Circuit Design Bob Dobkin, Jim Williams,
2011-09-26 Analog circuit and system design today is more essential than ever before. With the
growth of digital systems, wireless communications, complex industrial and automotive systems,
designers are challenged to develop sophisticated analog solutions. This comprehensive source book
of circuit design solutions will aid systems designers with elegant and practical design techniques
that focus on common circuit design challenges. The book's in-depth application examples provide
insight into circuit design and application solutions that you can apply in today's demanding designs.
- Covers the fundamentals of linear/analog circuit and system design to guide engineers with their
design challenges - Based on the Application Notes of Linear Technology, the foremost designer of
high performance analog products, readers will gain practical insights into design techniques and
practice - Broad range of topics, including power management tutorials, switching regulator design,
linear regulator design, data conversion, signal conditioning, and high frequency/RF design -
Contributors include the leading lights in analog design, Robert Dobkin, Jim Williams and Carl
Nelson, among others
  pcb design for real world emi control: Power Electronics Design Keith H. Sueker,
2005-08-09 A wealth of practical design information ... the next-best-thing to having a mentor with a
quarter-century of experience!
  pcb design for real world emi control: The Physical Basis of EMC Keith Armstrong, 2010
  pcb design for real world emi control: Op Amps for Everyone Ron Mancini, 2003 The
operational amplifier (op amp) is the most versatile and widely used type of analog IC, used in audio
and voltage amplifiers, signal conditioners, signal converters, oscillators, and analog computing
systems. Almost every electronic device uses at least one op amp. This book is Texas Instruments'
complete professional-level tutorial and reference to operational amplifier theory and applications.
Among the topics covered are basic op amp physics (including reviews of current and voltage
division, Thevenin's theorem, and transistor models), idealized op amp operation and configuration,
feedback theory and methods, single and dual supply operation, understanding op amp parameters,
minimizing noise in op amp circuits, and practical applications such as instrumentation amplifiers,
signal conditioning, oscillators, active filters, load and level conversions, and analog computing.
There is also extensive coverage of circuit construction techniques, including circuit board design,
grounding, input and output isolation, using decoupling capacitors, and frequency characteristics of
passive components. The material in this book is applicable to all op amp ICs from all manufacturers,
not just TI. Unlike textbook treatments of op amp theory that tend to focus on idealized op amp
models and configuration, this title uses idealized models only when necessary to explain op amp
theory. The bulk of this book is on real-world op amps and their applications; considerations such as
thermal effects, circuit noise, circuit buffering, selection of appropriate op amps for a given
application, and unexpected effects in passive components are all discussed in detail. *Published in
conjunction with Texas Instruments *A single volume, professional-level guide to op amp theory and
applications *Covers circuit board layout techniques for manufacturing op amp circuits.
  pcb design for real world emi control: Noise Reduction Techniques in Electronic
Systems Henry W. Ott, 1988-03-23 This updated and expanded version of the very successful first



edition offers new chapters on controlling the emission from electronic systems, especially digital
systems, and on low-cost techniques for providing electromagnetic compatibility (EMC) for
consumer products sold in a competitive market. There is also a new chapter on the susceptibility of
electronic systems to electrostatic discharge. There is more material on FCC regulations, digital
circuit noise and layout, and digital circuit radiation. Virtually all the material in the first edition has
been retained. Contains a new appendix on FCC EMC test procedures.
  pcb design for real world emi control: Grounds for Grounding Elya B. Joffe, Kai-Sang Lock,
2011-09-20 GROUNDS FOR GROUNDING The first book to cover grounding from the circuit to
system and across the entire spectrum of applications Grounds for Grounding provides a complete
and thorough approach to the subject of designing electrical and electronic circuits and systems,
blending theory and practice to demonstrate how a few basic rules can be applied across a broad
range of applications. The authors begin with the basic concepts of Electromagnetic Compatibility
(EMC) that are essential for understanding grounding theory and its applications, such as “ground
loop,” which is one of the most misunderstood concepts in EMC. Next, they provide an introduction
to grounding, including safety grounding, grounding for control of electromagnetic interference, and
grounding-related case studies. Subsequent chapter coverage includes: Fundamentals of grounding
design Bonding principles Grounding for power distribution and lightning protection systems
Grounding in wiring circuits and cable shields Grounding of EMI terminal protection devices
Grounding on printed circuit boards Integrated facility and platform grounding system Practical
case studies are integrated throughout the book to aid in readers’ comprehension and each chapter
concludes with a useful bibliography. Grounds for Grounding is an indispensable resource for
electrical and electronic engineers who work with the design of circuits, systems, and facilities.
  pcb design for real world emi control: High Frequency Measurements and Noise in
Electronic Circuits Douglas C. Smith, 1992-12-31 This ready reference provides electrical engineers
with practical information on accurate methods for measuring signals and noise in electronic circuits
as well as methods for locating and reducing high frequency noise generated by circuits or external
interference. Engineers often find that measuring and mitigating high frequency noise signals in
electronic circuits can be problematic when utilizing common measurement methods. Demonstrating
the innovative solutions he developed as a Distinguished Member of Technical Staff at AT&T/Bell
Laboratories, solutions which earned him numerous U.S. and foreign patents, Douglas Smith has
written the most definitive work on this subject. Smith explains design problems related to the new
high frequency electronic standards, and then systematically provides laboratory proven methods for
making accurate noise measurements, while demonstrating how these results should be interpreted.
The technical background needed to conduct these experiments is provided as an aid to the novice,
and as a reference for the professional. Smith also discusses theoretical concepts as they relate to
practical applications. Many of the techniques Smith details in this book have been previously
unpublished, and have been proven to solve problems in hours rather than in the days or weeks of
effort it would take conventional techniques to yield results. Comprehensive and informative, this
volume provides detailed coverage of such areas as: scope probe impedance, grounding, and
effective bandwidth, differential measurement techniques, noise source location and identification,
current probe characteristics, operation, and applications, characteristics of sources of interference
to measurements and the minimization of their effects, minimizing coupling of external noise into
the equipment under test by measurements, estimating the effect of a measurement on equipment
operation, using digital scopes for single shot noise measurements, prediction of equipment
electromagnetic interference (EMI) emission and susceptibility of performance, null experiments for
validating measurement data, the relationship between high frequency noise and final product
reliability. With governmental regulations and MIL standards now governing the emission of high
frequency electronic noise and the susceptibility to pulsed EMI, the information presented in this
guide is extremely pertinent. Electrical engineers will find High Frequency Measurements and Noise
in Electronic Circuits an essential desktop reference for information and solutions, and engineering
students will rely on it as a virtual source book for deciphering the mysteries unique to high



frequency electronic circuits.
  pcb design for real world emi control: Inductance Clayton R. Paul, 2011-09-20 The only
resource devoted Solely to Inductance Inductance is an unprecedented text, thoroughly discussing
loop inductance as well as the increasingly important partial inductance. These concepts and their
proper calculation are crucial in designing modern high-speed digital systems. World-renowned
leader in electromagnetics Clayton Paul provides the knowledge and tools necessary to understand
and calculate inductance. Unlike other texts, Inductance provides all the details about the
derivations of the inductances of various inductors, as well as: Fills the need for practical knowledge
of partial inductance, which is essential to the prediction of power rail collapse and ground bounce
problems in high-speed digital systems Provides a needed refresher on the topics of magnetic fields
Addresses a missing link: the calculation of the values of the various physical constructions of
inductors—both intentional inductors and unintentional inductors—from basic electromagnetic
principles and laws Features the detailed derivation of the loop and partial inductances of numerous
configurations of current-carrying conductors With the present and increasing emphasis on
high-speed digital systems and high-frequency analog systems, it is imperative that system designers
develop an intimate understanding of the concepts and methods in this book. Inductance is a
much-needed textbook designed for senior and graduate-level engineering students, as well as a
hands-on guide for working engineers and professionals engaged in the design of high-speed digital
and high-frequency analog systems.
  pcb design for real world emi control: Basic Linear Design Hank Zumbahlen, 2005-01-01
  pcb design for real world emi control: Printed Circuit Boards R. S. Khandpur, 2005-09-07
The printed circuit is the basic building block of the electronics hardware industry. This is a
comprehensive single volume self-teaching guide to the art of printed circuit board design and
fabrication -- covering the complete cycle of PCB creation, design, layout, fabrication, assembly, and
testing.
  pcb design for real world emi control: Power Supply Cookbook Marty Brown, 2001-06-13
Power Supply Cookbook, Second Edition provides an easy-to-follow, step-by-step design framework
for a wide variety of power supplies. With this book, anyone with a basic knowledge of electronics
can create a very complicated power supply design in less than one day. With the common industry
design approaches presented in each section, this unique book allows the reader to design linear,
switching, and quasi-resonant switching power supplies in an organized fashion. Formerly
complicated design topics such as magnetics, feedback loop compensation design, and EMI/RFI
control are all described in simple language and design steps. This book also details easy-to-modify
design examples that provide the reader with a design template useful for creating a variety of
power supplies. This newly revised edition is a practical, start-to-finish design reference. It is
organized to allow both seasoned and inexperienced engineers to quickly find and apply the
information they need. Features of the new edition include updated information on the design of the
output stages, selecting the controller IC, and other functions associated with power supplies, such
as: switching power supply control, synchronization of the power supply to an external source, input
low voltage inhibitors, loss of power signals, output voltage shut-down, major current loops, and
paralleling filter capacitors. It also offers coverage of waveshaping techniques, major loss reduction
techniques, snubbers, and quasi-resonant converters. - Guides engineers through a step-by-step
design framework for a wide variety of power supplies, many of which can be designed in less than
one day - Provides easy-to-understand information about often complicated topics, making power
supply design a much more accessible and enjoyable process
  pcb design for real world emi control: EMI Troubleshooting Techniques Michel Mardiguian,
1999-08-21 Presents a methodical approach to locating the cause of and correcting EMI/RFI
breakdowns. This book gives you hands-on, optimal solutions whether your task is design, lab
testing, or on-site troubleshooting, no matter what type of electronic equipment you're handling.
  pcb design for real world emi control: The Printed Circuit Designer's Guide To...
Fundamentals of RF/Microwave PCBs American Standard Circuits, 2018-01-18



  pcb design for real world emi control: Practical Electronic Design for Experimenters
Louis E. Frenzel, 2020-03-27 Publisher's Note: Products purchased from Third Party sellers are not
guaranteed by the publisher for quality, authenticity, or access to any online entitlements included
with the product. Learn the basics of electronics and start designing and building your own
creations! This follow-up to the bestselling Practical Electronics for Inventors shows hobbyists,
makers, and students how to design useful electronic devices from readily available parts, integrated
circuits, modules, and subassemblies. Practical Electronic Design for Experimenters gives you the
knowledge necessary to develop and construct your own functioning gadgets. The book stresses that
the real-world applications of electronics design—from autonomous robots to solar-powered
devices—can be fun and far-reaching. Coverage includes: • Design resources • Prototyping and
simulation • Testing and measuring • Common circuit design techniques • Power supply design •
Amplifier design • Signal source design • Filter design • Designing with electromechanical devices •
Digital design • Programmable logic devices • Designing with microcontrollers • Component
selection • Troubleshooting and debugging
  pcb design for real world emi control: Beautiful Minecraft James Delaney, 2016-11-01 With a
bit of imagination and a heavy dose of artistic talent, Minecraft blocks can be used to build almost
anything. But as you’ll see, some artists are taking Minecraft building to a whole new level. Beautiful
Minecraft is a compendium of stunning artwork built in Minecraft. Using millions of blocks and
spending hundreds of hours, these artists have created floating steampunk cities, alien worlds,
detailed classical sculptures, fantastical landscapes, architectural marvels, and more. The results are
simply beautiful.
  pcb design for real world emi control: Design and Development of Medical Electronic
Instrumentation David Prutchi, Michael Norris, 2005-01-28 Design and Development of Medical
Electronic Instrumentation fills a gap in the existing medical electronic devices literature by
providing background and examples of how medical instrumentation is actually designed and tested.
The book includes practical examples and projects, including working schematics, ranging in
difficulty from simple biopotential amplifiers to computer-controlled defibrillators. Covering every
stage of the development process, the book provides complete coverage of the practical aspects of
amplifying, processing, simulating and evoking biopotentials. In addition, two chapters address the
issue of safety in the development of electronic medical devices, and providing valuable insider
advice.
  pcb design for real world emi control: EMC Design Techniques for Electronic Engineers
Keith Armstrong, 2010-01-01
  pcb design for real world emi control: High-speed Circuit Board Signal Integrity
Stephen C. Thierauf, 2004 This leading-edge circuit design resource offers the knowledge needed to
quickly pinpoint transmission problems that can compromise circuit design. Discusses both design
and debug issues at gigabit per second data rates.
  pcb design for real world emi control: Electromagnetic Compatibility in Power
Electronics László Tihanyi, 1995 Electronics professionals will find this book invaluable when
designing power equipment, because it describes in detail how to cope with the problem of
electromagnetic interference. The author shows how to meet the exacting US and European EMC
standards for conducted emissions. The book includes a wide range of EMI analysis techniques. An
important focus is on the energy content of interference transient signals (traditional analysis
concentrates on amplitude and frequency). This provides a more accurate picture of the EMI
situation. For those who do not want or need detailed analysis techniques, many approximation
methods are also provided. These simplified techniques give accurate results for all but the most
stringent applications. The book contains several worked examples and an extensive bibliography,
and is sure to be useful to electronic design engineers and others who need to meet international
EMC regulations and standards. Laszlo Tihanyi has worked on EMC for over 20 years. Formerly
Head of the Department of Power Electronics at the Hungarian Research Institute for the Electrical
Industry, he focused primarily on solving EMI problems in electronic systems and developing a



dimensioning method for power line filters.
  pcb design for real world emi control: Complete Wireless Design Cotter Sayre, 2001-02-12
Easily design today’s wireless systems and circuits Design an entire radio system from the ground
up instead of relying on a simple plug-in selection of circuits to be modified. Avoid an arduous trek
through theory and mathematical derivations. Cotter Sayre’s Complete Wireless Design covers
wireless hardware design more thoroughly than any other handbook —and does it without burying
you in math. This new guide from today’s bestselling wireless author gives you all the skills you need
to design wireless systems and circuits. If you want to climb the learning curve with grace, and start
designing what you need immediately, this reasonably priced resource is your best choice. It’s
certain to be the most-used reference in your wireless arsenal for designing cutting-edge filters,
amplifiers, RF switches, oscillators, and more. You get: Simplified calculations for impedance
matching, analysis of wireless links, and completing a frequency plan Real-world examples of
designing with RFIC’s and MMIC’s Full circuit and electromagnetic software simulations More
  pcb design for real world emi control: Signal and Power Integrity--simplified Eric Bogatin,
2010 With the inclusion of the two new hot topics in signal integrity, power integrity and high speed
serial links, this book will be the most up to date complete guide to understanding and designing for
signal integrity.
  pcb design for real world emi control: High-Speed Digital System Design Stephen H.
Hall, Garrett W. Hall, James A. McCall, 2000-09-08 The importance of interconnect design - Ideal
transmission line fundamentals - Crosstalk - Nonideal interconnect issues - Connectors, packages,
and vias - Nonideal return paths, simultaneous switching noise, and power delivery - Buffer
modeling - Digital timing analysis - Design methodologies - Radiated emissions compliance and
system noise minimization - High-speed measurement techniques.
  pcb design for real world emi control: High-speed Digital Design Howard W. Johnson, Martin
Graham, 1993-01-01 Focused on the field of knowledge lying between digital and analog circuit
theory, this new text will help engineers working with digital systems shorten their product
development cycles and help fix their latest design problems. The scope of the material covered
includes signal reflection, crosstalk, and noise problems which occur in high speed digital machines
(above 10 megahertz). This volume will be of practical use to digital logic designers, staff and senior
communications scientists, and all those interested in digital design.
  pcb design for real world emi control: Trilogy of Magnetics Thomas Brander, 2010
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