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Preface 

EMC and the Printed Circuit Board: Design, Theory, and Layout Mude Simple is a com- 
panion book to Printed Circuit Board Design Techniques for EMC Compliance. When used 
together, these two books cover all aspects of a PCB design as it relates to both time and fre- 
quency domain issues. One must be cognizant that if a PCB does not work as intended in the 
time domain. frequency domain concerns become irrelevant. especially compliance to in- 
ternational EMC requirements. Time and frequency domain aspects must be considered to- 
gether. 

The intended audience for this book is the same as that for Printed Circuit Board 
Design Techniques for EMC Compliunce: those involved in logic design and PCB layout; 
test engineers and technicians; those working in the areas of mechanical, manufacturing, 
production, and regulatory compliance; EMC consultants: and management responsible 
for overseeing a hardware engineering design team. 

Regardless of the engineer's specialty, a design team must come up with a product 
that not only can be manufactured in a reasonable time period, but will also minimize cost 
during design, test, integration, and production. Frequently, more emphasis is placed on 
functionality to meet a marketing specification than on the need to meet legally mandated 
EMC and product safety requirements. If a product fails to meet compliance tests. re- 
design or rework may be required. This redesign significantly increases costs, which in- 
clude. but are not limited to engineering manpower (along with administrative overhead), 
new PCB layout and artwork, prototyping material. system integration and testing, pur- 
chase of new components for quick delivery (very expensive). new in-circuit test fixtures. 
and documentation. These costs are i n  addition to loss of market share. delayed shipment, 
loss of customer faith in the company (goodwill). drop in stock price, anxiety attacks, and 
many other issues. Personal experience as a consultant has allowed me the opportunity to 
witness these events several times with small startup companies. 

My main focus as a consultant is to assist and advise in the design of high-tcchnol- 
ogy products at minimal cost. Implementing suppression techniques into the PCB design 
saves money, enhances performance, increases reliability. and achieves first-time compli- 
ance with emissions and immunity requiremencs, in addition to having the product func- 
tion as desired. 

Working in this industry has allowed me to participate in state-otthc-art designs ;is 
we move into the future. Although mv focus is on technology of the future, one cannot 
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forget that simple, low-technology products are being produced in ever increasing num- 
bers. Although the thrust of this book is toward high-end products, an understanding of 
the fundamental concept of EMC suppression techniques will allow any PCB being de- 
signed to pass EMC tests. The key words here are "fundamental concepts." When one 
does not understand fundamental concepts, compliance and functional disaster may await. 

When management decides to bring in a consultant after production has started, 
having failed an EM1 test, causing a stop-ship situation, it is too late for efficiency. Gener- 
ally, nothing can be done without major expenses being incurred. I have watched small 
companies go bankrupt because they invested all their capital in a product for quick ship- 
ment and then had to redesign everything from scratch. Those who control the finances of 
a company by mandating cost over compliance have frequently been spotted working at a 
different company every year. Accountants who do not understand what it takes to be a 
hardware or PCB designer engineer can doom a company to failure. 

Sometimes, use of a single component (filter) costing $0.50 is too much for man- 
agement to accept on a $1000 product. Engineers may be able to implement a redesign to 
prevent use of this inexpensive filter. This redesign may cost the company tens of thou- 
sands of dollars (including new compliance tests) for a production build of a few hundred 
units. Although the accountant may receive bonus pay for keeping the cost of the PCB 
down, the Return-On-Investment (ROI) will never be achieved. I do not advocate adding 
cost to a design unless it is mandatory. High-technology products now require use of ad- 
ditional power and ground planes, filter components, and the like, all at a cost for both 
functionality and compliance. 

Detailed definitions of various terms are presented within specific chapters of this 
book. Before we proceed. an important distinction is in order. EMC stands for Electro- 
magnetic Compatibility. This means that electrical equipment must work within an in- 
tended environment. We can have EM1 (Electromagnetic Interference) problems due to 
incompatibilities between equipment. EMC is achieved; EM1 occurs. According to com- 
mon usage, EMC refers to the total discipline concerned with achieving electromagneti- 
cally compatible equipment and systems. EM1 refers to the event or episode indicating an 
incompatibility, for example, a lack of EMC. EM1 refers to all events experienced across 
the frequency spectrum. Radio Frequency Interference (RFI) originally referred to those 
incompatibilities arising between radio sets. During the 1970s and 1980s. RFI was gener- 
ally not used because it failed to indicate the problems that can arise from Electromag- 
netic Pulse (EMP), lightning, Electrostatic Discharge (ESD), and so on. Over the past few 
years, however. RFI has been creeping back into our vocabulary. Caution should be used 
with the acronym RFI, however, for its meaning is unclear in the field of EMC. 

The main differences between my two books on EMC and PCBs are as follows. 
Prirztrd Circitit Board De.sigr~ Trclzniyur.sfi)r EMC Cnrnpliancr provides informa- 

tion for those who have to get a product designed and shipped within a reasonable time 
frame and within budget. I t  illustrates that a PCB may exh~bit an EM1 problem, i t  briefly 
explains why the problen~ occurs, and i t  shows how LO solve the design flaw during lay- 
out. It does not go into detail on how and why EM1 occurs. theoretically. 

University textbooks are available (listed in the References sections) that cover all 
aspects o f  theoretical physics related to EMC. Numerous other publications present EMC 
concepts in a brief manner, giving just enough detail t o  make one aware o f  theory with 
minimal ~nathcrnaticul analysis. Many managers and \(>me engineers 110 not care ahout 
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why something happens. Printed Circuit Bourd Design Techniques for EMC Complictnce 
has compiled a track record of successful results. 

EMC and the Printed Circuit Board: Design, Theov ,  and Lilyout M~zde Sirrlple is a 
companion book targeted at those designers who want to know how and why EM1 occurs 
within a PCB. These designers may not be directly responsible for the actual PCB layout, 
but they may have to oversee the end product. Engineers generally want to understand 
technical concepts. This book is written for ease of understanding a subject that is gener- 
ally not taught in universities or other educational environments, again using a minimal 
amount of math. 

In the present book, we examine two sides of the coin-time domain (signal func- 
tionality and quality) and frequency domain (EMC). A signal that is present within the 
PCB may be viewed in both domains. No difference exists between the two; rather. only 
the way one examines a signal. Test instrumentation also differs. Chapter 2 illustrates 
using simplified physics, with minimal mathematical analysis, how these two domains 
exist simultaneously. Theory is presented in a format that is easy to comprehend in the 
limited time one has to read and study a book on EMC and PCB. especially when work 
needs to be done at the office. 

The focus of this book is strictly on the PCB. Discussion of containment techniques 
(box shielding), internal and external cabling, power supply design, and other system- 
level subassemblies that use PCBs as subcomponents will not he discussed in depth. 
Again, excellent reference material is listed in the References on these aspects of EMC 
system-level design engineering. 

The incentive for writing this book has come from my numerous seminar and work- 
shop students in the United States, Europe, and Asia. These students ask, "How and why 
does EM1 get developed within a PCB?" Recognizing a need to fill a gap that currently 
does not exist within the published literature in the public domain worldwide (at time of 
writing). I want to enlighten the reader to a field of engineering that is considered to be a 
Black Magic art. Those who do not take electromagnetic compatibility seriously provide 
job security for EMC engineers. EMC engineers know various tricks of the tradc on how 
to apply rework or a quick fix to a PCB to pass a particular test. These under-the-pressure 
enhancements implemented during compliance testing are identified as Band-Aid tech- 
niques. These PCBs could have been designed properly from the start. The concept ad- 
vanced is to change design habits and thinking from Band-Aids to low-cost suppression 
layout techniques during the design cycle. 
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EMC Fundamentals 

This book seeks primarily to help engineers minimize harmful interference between com- 
ponents. circuits, and systems. These interferences include not only radiated and con- 
ducted radio frequency (RF) emissions, but also the influences of electrostatic discharge 
(ESD), electrical overstress (EOS), and radiated and conducted susceptibility (immunity). 
Meeting these requirements will satisfy legally mandated international and domestic regu- 
latory requirements and governmental regulations. A companion book, Printed Circuit 
Board Design Techniques ,for EMC Cnmnplin~~ce, presents design rules and layout con- 
cepts that assist in achieving an EMC-compliant product using suppression design tech- 
niques. 

One of the engineer's goals is to meet design requirements in order to satisfy both 
international and domestic regulations and voluntary industrial standards related to EMC 
compliance. 

The information presented in this book is intended for 

Non-EMC engineers who design and layout printed circuit hoards (PCBs). 

EMC engineers and consultants who must solve design problems at the PCB 
level. 

Design engineers who want to understand fundamental concepts related to how 
electromagnetic interference (EMI) exists within a PCB. 

Those who want a comprehensive understanding of how PCB design arid layout 
techniques work within a PCB. 

'Thi\ book is applicable for use as a reference docurnen1 throughout any design project. 
With these considerations in mind, the reader should understand that EMC trnci thr, 

PI-itrtr~cl Circuit Botrrd is written for the engineer who never htudied applied electrornag- 
netics in school. requires a refresher course. or has rninimal hands-on experience with 
high-spcect. high-technology product designs. As we well kilo*, technology is advancing 
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at a rapid rate. Design techniques that worked several years ago are no longer effective in 
today's products with high-speed digitai design requirements. Because EMC may be in- 
sufficiently covered in engineering schools. training courses and seminars are now being 
held all over the country and internationally to provide this information. 

Only a minimal amount of mathematical analysis is presented here because the in- 
tent of this book is to present n busic untiersti.ndirlg rind cozalysi.~ of how a PCB creates 
R F  energy, a n d  tile t n a n i ~ r r  in which R F  energy is prcipagatrd. The information presented 
is therefore in a format that is easy both to understand and to implement. 

Since World War 11. controlling emissions from a product has been a necessity for 
acceptable performance of an electronic device in both the civilian and military en!: 'Iron- 
ment. It is more cost-effective to design a product with suppression at the source than to 
"build a better box.'' Containment measures are not ~ I I N ~ V S  zci_inomically justified and 
may degrade as  the iife cycle of the product is extended beyond the original design speci- 
fication. For cxample. the end user often removes covers from enclosures for ease of ac- 
cess to repair o r  upgrade. In many cases, sheet metal covers are never replaced. particu- 
larly those internal suhassernbly covers that act as partition shields. The same is true for 
blank metal panels or faceplates on the front of a system that contains a chassis or back- 
plane assembly. As a rehalt. containment measures become compromised. Proper layout 
of  ti PCB with aupprcssion ~cchniques also promotes EMC compliance with use of cables 
and interconnects. whereas Sox shielding (containment) does not. In addition to EMC 
compliance. signal functionality concerns exist. It does us no good if a product passes 
EhIC tests and then fails to operate as designed. 

'r I his . book provides details on why a variety of  design techniques work for most 
PCB layout applications. I t  is impossible to anticipate every possible application or design 
concern. The concepts presented arejirndatnutltal in nature and are applicable to a11 elec- 
tronic products. While evcry design is different. the basics of product design rarely 
change unless new components and materials become available. 

Herein we discuss high-tcchnology. high-speed designs that require new and ex- 
panded techniqurx tor EMC suppression at the PCB level. Many traditional PCB tech- 
n i y u e  are not cffective for proper signal functionality and compliance. Components have 
hccome faster 2nd luore zoinplex. C'se of  cusiom gate array logic and appl~cation-specific 
integrated circuits (ASIC.;) presents new and chtlllenging oppcirtunities. The design 
and layout nf a PCB to suppress EM1 at the source can be realized while maintaini~~g 
systemwide functionality. 

Why uorr-?; about EMC iornpliance'.' After all. isn't speed the rnost important de- 
sign parameter! Legal requirements dictate the ntaximu~ll permlsslble Interference p o t ~ ~ -  
rial ot' Jigital products. Thesc requirements are based on experiences in the marketplace 
rclatc~l to cniissio~l .~nci imrnunlrc compla~nts .  Often. uuppreasion technique\ on ,I PCB 
I a !  i p r i g  I i t  I .ign:~l-to-noise pcrf'ormancc:. 

3 .I FUNDAMENTAL DEFINITIONS 

'l'he t'ollou in? ha\ic rtSrrns arc ~ ~ s e d  t h r o ~ ~ f i l i ~ ~ i t  this hook .  

k t - o t t i  o i  1 I .  The c:tpahili~> ~ ) t  >!lc,.t! IC:~! anLj ~ I ~ ~ c . t r ( ) r l l i .  
5 : ~  \tcni\. L.u~lip~rlent.  .ind c!t,\icc\ to opcratt- in thcir intc.rtc!r.ti i.1~-crrcrmafinerlc ertvi- 

Scction 1 .  I m Fundamental Dcfin~tions 3 

ronment within a defined margin of safety, and at design levels or performance, 
without suffering or causing unacceptable degradation as a result of electromagnetic 
interference. (ANSI C64.14- 1992) 

Electronzagnetic Intet$errnce ( E M I ) .  The lack of EMC, since the essence of 

interference is the lack of compatibility. EM1 is the process by which disrup- 
tive electromagnetic energy is transmitted from one electronic device to an- 
other via radiated or conducted paths (or both). In common usage, the terrn 
refers particularly to RF signals, but EM1 can occur in Lhe frequency range 
from "DC to daylight." 

Rariio F r r q u e n q  (RF).  A frequency range containing coherent electromagnetic 

radiation of energy useful for communication purposes-roughly the range from 
1 0  kHz to 100 GHz. This energy may be transmitted as a byproduct of an electronic 
device's operation. RF is transmitted through two basic modes: 

Radiated Emis.sions. The component of RF energy that is transmitted 

through a medium as an electromagnetic field. Although RF energy is usually 
transmitted through free space. other modes of field transmission may occur. 
Condiicrrti Emissions. The component of RF energy that is transmitted 
through a medium as a propagating wave, generally through a wire or inter- 
connect cables. LC1 (Line Conducted Interference) refers to RF energy in a 
power cord or AC mains input cable. Conducted signals do not propagate as 
fields but [nay propagate as conducted waves. 

Suscept ihi l i~.  A relative measure of a device or a system's propensily to be dis- 
rupted or damaged by EM1 exposure to an incident field of signal. It is the lack of 
immunity. 

I m m u n i ~ .  A relative measure of a device or system's ability to withstand EM1 ex- 
posure while maintaining n predefined performance level. 

Elrc,tro.rt~ztic Iliscllnrgr (ESD) .  A transfer of electric charge between bodie\ 

of different electrostatic potential in proximity or through direct contact. T h ~ s  
definition 1s obsel.ved as a high-volt:ige pulse that [nay cause damage or loss 
of functionality to suscept~blc devices. Although lightning qualifies as a high- 
koltage pulse. the term ESD is generally applied to events of lesser amperage. 
and more \pccifically to events that are triggered by human beings. However. 
Sor the purpose:, of discus5ion. lightning is included in the ESD category he- 
cause the protection ~cchrliqucs arc very similar, though different in magnitude. 
R i t  1 t t t 1 1 1 i r  h product'\ relatlvc :~bility to withstand electrornagnct~c 
energy thal arrives via free-space propagation. 
C ' ~ ~ I ~ I ~ L , I L , ~  It?~tnlltlit>,. iZ procIuct'\ r-elatice ab~lity to ~cithstand elrctromag- 
netic enel-gy that penetrates i t  through external cables. power cords, and 110 
~nlcrconnects. 

t i t t r t  .A process whereby RF energ!! is prevcntcd from cuiting an enclo- 
sure. genera11> by shielding a product within a mctal cnclourc (Famciay cage or 
(iiiussian \iructure, or by uxing a plastic housing with KF conducti\,c paint. Recip- 
rocally. we can also speak of containment as prcvcnting KF energy trorri entering 
the enclosure. 

.i.uppre.ssrot~. The process of reducing or c1imin:lting RF energy that esists without 
I-clyirlg L ~ I I  :I >cco~idar> riiethod. juch as a rrlcial housin;! 01- ch ;~ \s~s .  Si~ppression 
rn;iy ~ni ludt .  \h~c.ldi~ig and f'ilter-ing as nzcI1. 




































































































































































































































































































































