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Preface

e EMC Made Simple *
e  Electromagnetic Compatibility Made Simple * and
o Maxwell Made Simple ™

These three phrases are a registered trademark of Montrose Compliance Services as
well as my tagline and approach to designing products based on simplifying the most
complex aspect of electrical engineering and design. Understanding electromagnetics is
critical for designing products using electrical power to provide an intrinsic function of
use. Although devices may use a DC power source, once it enters a product and arrives
at circuitry, conversion to analog occurs. Analog typically is a motional wave function
described with units of Hertz. The popular and non-specific definition of RF is anything
greater than DC to daylight again, with units of Hertz. Once we convert to the analog
world we enter the field of electromagnetic functions. Using digital technology,
electrical interference from radiated emissions becomes a concern as well as immunity to
perturbations and performance requirements.

There is no system | am aware of that does not convert DC energy or signals to the
AC mode either through an onboard power supply providing both voltage and current to
active components. We thus live in an analog world since it takes a finite amount of time
for a digital signal to transition from low-to-high and high-to-low. For those who
consider themselves only a digital designer, remember the real [technical] definition of
digital is “infinitely fast AC slew rate signal.” With this definition, there is therefore no
such thing as digital components. This is because between binary “1™ and “0” is the
realm of analogue radio frequency! Digital components in reality contain gain function
devices, similar to op-amps driven to saturation for all inputs and outputs. This means
they function using fast AC slew rates of operation, producing an AC spectral profile
across a broad frequency range.

The focus of this book is to take a complex field of engineering and simplify it for
those who never took courses in electromagnetics, or had difficulty in understanding
calculus as it relates to applied engineering applications. Engineers and designers in this
category must develop products to be functional and compliant to a multitude of
standards that include regulatory compliance. In many companies, product designs are
performed not only by [experienced] engineers, but also by a wide variety of talent all
with various areas of expertise. A person who spent years working in a manufacturing
facility can be transferred to engineering working as a technician to help on time critical
tasks. They may also be assigned to work in regulatory compliance that includes
electromagnetic compatibility (EMC), product safety, telecommunication approvals,
medical applications, documentation related to various directives (RoHS, WEEE,
REACH and numerous other acronyms) plus other requirements. Technicians and recent
graduates are generally not trained in product design yet they take on more and more
responsibility that may include printed circuit board layout and integration to meet
regulatory standards without being educated in the field of compliance: thus, they must
learn everything in real-time often without having a mentor.

When employed at several major companies in Silicon Valley, California,
technicians who worked with me did time consuming tasks with vigor and excellence, but
usually not design, analysis or troubleshooting. My time was spent solving problems
created by engineers that were easy to identify and fix, but which could have been
performed by someone else only if this person had knowledge of EMC Made Simple".
When everyone in a team understands what needs to be done using common sense, along
with a basic understanding of electromagnetics. our work would have been more
efficient.
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As a consultant, I find that most of my clients have limited expertise in solving
complex problems or they delegate the job to someone else to get a product “certified.”
Even with junior engineers and technicians, the senior compliance engineer may be
overworked trying to optimize a system for both functionality as well as compliance. In
addition, they must spend time with those in product design by helping them understand
where problem areas are and explaining electromagnetics using simple definitions and
examples. If they had an easy to read book that could be given to team members,
educating them would be an easier task.

Most of the time with these observations, EMC engineers must fix a poor design
after printed circuit boards (printed circuit board) are assembled and ready for customer
shipment, hoping they pass EMC tests. If designers and engineers understood electrical
engineering in a “simplified manner,” and consider all aspects of system development
and not just a specific area such as printed circuit board or mechanical design, things
could turn out differently. Engineers must now know about multiple aspects of
engineering that includes how to design a printed circuit board using schematic capture
and layout tools, material science, mechanical design, thermal issues, low-cost
manufacturing requirements, along with testing, troubleshooting and support.

In years of working as an EMC consultant with hundreds of small to medium size
companies, I find that many do not have resources, both in terms of senior or experienced
engineers or money to purchase simulation programs to perform computational analysis.
I have observed on a consistent basis that designers constantly experiment with trial and
error fixes without understanding the problem, or means of finding a simple solution
using Ohms law instead of Maxwell Equations. The incentive for writing this book
comes from numerous students whom I teach professionally in the United States, Europe
and Asia as well as clients that call me in under emergency conditions usually after a
product fails EMC testing. Everyone wants to know "How and why does EMI get
developed within a printed circuit board" in a simplified manner without use of math or
computational analysis. Recognizing a need to fill a gap that currently does not exist
within the published literature (at time of writing), | want to enlighten readers to a field of
engineering that is considered to be a science of Black Magic.

My goal is to help companies and engineers worldwide that cannot afford to hire a
consultant or experienced senior compliance engineers with design knowledge that
includes circuit analysis at the schematic level, using Maxwell Made Simple®.

Given the observations above, we can simplify design engineering to achieve success
quickly and at low cost. The target audience of this book is:

1. Those who never studied applied EMC engineering but now work in the field as a
technician or engineer due to a shift in job assignment, or the need for a compliance
engineer.

2. Managers of regulatory compliance staff who provide resources such as technical
expertise or mentoring.

3. Those who have “never” done a simulation or performed computational analysis at a
high level, or probably ever will. [I estimate that close to 95% of my clients have
never simulated anything for numerous reasons that include cost, time to market,
lack of expertise to use any type software package in the time or frequency domain,
etc.]. These are all generally smaller size companies.

4. Printed circuit board designers who must create a design only from a schematic and
bill-of-material, and then told to make it will pass EMC without the aid of a senior or
experienced EMC engineer reviewing their layout. This includes third-party
resources or staff that has minimal interaction with designers and EMC experts.

5. Application and technical support engineers from component manufacturers that
must solve customer problems.



Xix

6. University professors who want to learn new techniques on how to simplify the
process of teaching applied electromagnetics and design engineering in a manner that
helps students visualize this complex field, while providing a solid foundation based
on theory and applications.

This book is unsuited for:

1. Those who use computational analysis to analyze designs, both pre- and post-layout.

2. Senior engineers with many years of experienced and understand the field of EMC at
a high level.

3. Those who work in a company dealing with high-technology design having access to
sophisticated instrumentation, software tools and staff with considerable experience
in design engineering.

4. Those who would rather hire a consultant or third party resource to do their
regulatory compliance and design because the field of EMC is too difficult to
understand.

About the book structure

During my career as a consultant, [ estimate that somewhere between 80-90% of
problems encountered deal with having a poor power distribution network on a printed
circuit board or improper implementation and use of decoupling capacitors in addition to
having poor RF return paths. Referencing and I/O interconnects take up the remainder of
product design failures. Therefore, these three primary topics are covered extensively in
this book.

For one wanting to learn about other aspects of printed circuit board design such as
layer stackup, impedance control, signal integrity, terminations, 1/0 and interconnects,
ESD protection, backplane and daughter card interfacing, plus other unique aspects of
printed circuit board development, please refer to the Reference section for a list of
outstanding sources of books and technical publications. This book “is not written to be a
complete publication on all aspects of printed circuit board design, but a simplified
handbook to get a product to near perfect completion using solid theory and known
design and layout techniques that work based on years of experience.”

Having authored previous printed circuit board design related books for signal
integrity and EMC, a different approach is taken with this book. Why compete with
other publications that attempt to be all-inclusive covering every possible aspect of
engineering design, or to those that just want to get the job done and do not care about
electromagnetic theory and related mathematics. Therefore, this book covers critical
aspects one needs to know for success. It is also important to emphasize that using this
book will not guarantee success, it should however help make success easier to achieve.

Regardless of advances in technology, the topics identified above have not
conceptually changed over the years except for unique aspects of device logic
applications and implementations. Where technological advancements have occurred in
semiconductor manufacturing, these usually are associated with having a stable power
distribution network or ensuring sufficient power is available to minimize plane bounce.
Losses in board material also contribute to poor signal integrity and development of
common-mode RF energy, examined in Chapter 2, “Transmission Line Theory Made
Simple.”

Regardless of specialty that an engineer or designer works within such as design,
testing and manufacturing, a design team must produce a product that can be built
quickly and at low cost. Frequently, more emphasis is placed on system level
functionality to meet a marketing specification rather than the need to meet legally
mandated EMC and product safety requirements. Redesigning anything significantly
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increases costs that includes, but is not limited to engineering manpower along with
administrative overhead.

My focus as a consultant is to assist and advise in the design of high technology
products at minimal cost by helping educate clients in EMC Made Simple".
Implementing suppression techniques into the printed circuit board saves money,
enhances performance, increases reliability, helps achieves first time compliance with
emissions and immunity requirements, in addition to having the product function as
desired.

EMC engineers know various tricks of the trade on how to apply rework or a quick
fix on a printed circuit board to pass a particular test. When a problem develops, there is
little one can do except to re-spin the board. By understanding EMC Made Simple", our
work as design engineers will become fun again along with accolades from management
for getting the job done correctly on the first prototype of the system.

Mark 1. Montrose
Santa Clara, California
USA
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