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Basic and
Advanced
Design
Layout

Techniques
Designing reliable and

robust electronic devices
requires careful
consideration of
electromagnetic

compatibility (EMC). For
printed circuit boards
(PCBs), EMC design is
paramount, preventing

interference and ensuring
proper functionality.

This article delves into
basic and advanced
techniques for

incorporating EMC
principles into your PCB
layout, exploring topics

like grounding
techniques, signal
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integrity, shielding, and
power plane design.
Understanding these

concepts is crucial for
creating high-quality,

interference-free
electronic products.

Introduction to
EMC in PCB Design

Electromagnetic
compatibility (EMC)

refers to the ability of
electronic equipment to

function correctly in its
intended electromagnetic

environment without
causing unacceptable

electromagnetic
interference (EMI) to
other equipment. For

PCBs, this means
designing the board to

minimize both the
emission of unwanted

electromagnetic radiation
and its susceptibility to
external electromagnetic
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fields. Poor EMC design
can lead to malfunctions,

data corruption,
unpredictable behavior,
and even complete system

failure. Therefore,
incorporating EMC
principles from the

initial design stages is
crucial for successful
product development.

Ignoring these principles
can lead to costly

redesigns and delays.

Basic EMC Design
Layout Techniques

Several fundamental
techniques significantly

impact a PCB's EMC
performance. These form

the bedrock of good
design practice:

### Proper Grounding
Techniques

Effective grounding is
the cornerstone of good
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EMC design. This involves
creating a low-impedance

path for conducted
emissions to return to
the source. Several

techniques contribute to
proper grounding:

Single-point
grounding: Connecting
all ground components

to a single point
minimizes ground
loops and reduces

noise.
Ground planes: Using
continuous ground
planes helps to

distribute current
evenly and reduce

noise coupling. This
is especially

important for high-
frequency signals.

Careful placement of
ground vias:

Strategically placing
vias connecting
different layers

minimizes inductance
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and improves ground
integrity. Avoid

long, thin traces for
ground connections.

Poor grounding leads to
increased noise, ground

bounce, and signal
integrity issues.

### Controlled Impedance
Routing

Signal integrity is
directly impacted by the
impedance of the signal
traces. Maintaining a
controlled impedance

across the entire signal
path is critical,

particularly for high-
speed digital signals.

This involves:

Using appropriate
trace widths and
spacing: These are
calculated based on

the dielectric
constant of the PCB
material and the
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desired impedance.
Minimizing trace
discontinuities:
Sharp bends and

abrupt changes in
trace width can

introduce reflections
and signal
degradation.

Differential pair
routing: Routing

signals as
differential pairs
helps to improve
noise immunity and

reduce EMI.

Ignoring impedance
control can lead to
signal reflections,
crosstalk, and data

errors.

### Careful Component
Placement

Strategic component
placement is also

crucial. Consider these
points:
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Placing sensitive
components away from
noisy components:

Keep analog
components separate

from digital
components to avoid

interference.
Consider using

shielding techniques
to isolate sensitive

areas.
Minimizing loop

areas: Large current
loops create

significant magnetic
fields, leading to
increased EMI. Keep
current return paths
as short as possible.

Using decoupling
capacitors: These
capacitors placed
close to power pins
help to filter out

high-frequency noise.
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Advanced EMC
Design Layout
Techniques

Beyond the basics,
several advanced
techniques further

enhance EMC performance:

### Shielding

Shielding sensitive
components or sections of

the PCB within a
conductive enclosure

minimizes electromagnetic
radiation. This

effectively creates a
Faraday cage, blocking

external interference and
reducing emitted
emissions. This is

particularly useful for
high-frequency signals
and sensitive analog

circuits.

### Power Plane Design
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Proper power plane design
is crucial for reducing

noise and improving power
supply stability. This

includes:

Using multiple power
planes: Separating
digital and analog

power planes
minimizes noise

coupling.
Using appropriate
plane sizes and

shapes: Sufficient
plane area is
important for

distributing current
effectively.

Proper placement of
power vias:

Strategically placed
vias ensure good

current distribution
and minimize
impedance.

### Filtering and
Bypassing
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Adding filters and bypass
capacitors to the power
supply and signal lines
helps attenuate unwanted
noise and reduce EMI.
This involves carefully
selecting components
based on the frequency
range of interest. This
is especially important
for high-speed digital

systems.

Practical
Implementation
and Benefits

Implementing these EMC
design techniques

requires careful planning
and design iterations.

Using PCB design software
with EMC analysis
capabilities helps

simulate the board's
electromagnetic behavior
and identify potential
problems early in the
design process. The
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benefits of proper EMC
design are substantial:

Improved product
reliability:

Minimizing EMI
prevents malfunctions

and unexpected
behavior.

Enhanced product
performance: Signal

integrity is
improved, leading to
better performance.

Reduced product cost:
Avoiding costly

redesigns and field
repairs saves money.
Meeting regulatory

standards: Compliance
with EMC standards
(e.g., FCC, CE) is

ensured.

Ignoring EMC can lead to
significant problems.

Conclusion
Designing PCBs with
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optimal electromagnetic
compatibility requires a
multi-faceted approach,
incorporating basic and

advanced techniques. From
fundamental grounding
strategies to advanced
shielding and filtering

methods, meticulous
attention to detail is

critical. By prioritizing
EMC considerations

throughout the design
process, engineers can
create reliable, high-
performance electronic

products that meet
regulatory standards and
deliver a superior user
experience. Remember,
proactive EMC design is

always more cost-
effective than reactive

troubleshooting.

FAQ
Q1: What are the most
common EMC problems
encountered in PCB
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design?

A1: Common problems
include ground loops,

signal crosstalk,
insufficient shielding,
uncontrolled impedance,
and improper power plane

design. These often
manifest as noise on

sensitive signals, data
errors, and unexpected

system behavior.

Q2: How can I effectively
measure the EMC

performance of my PCB?

A2: EMC testing requires
specialized equipment.
Common tests include

radiated emission tests
(measuring

electromagnetic radiation
emitted by the PCB),

conducted emission tests
(measuring conducted
noise on power lines),

and susceptibility tests
(measuring the board's
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resistance to external
electromagnetic fields).
An EMC testing lab can
perform these tests.

Q3: What software tools
are useful for EMC

design?

A3: Several PCB design
software packages include

EMC analysis
capabilities. These tools

simulate the
electromagnetic behavior
of the board, allowing
engineers to identify

potential problems before
manufacturing. Examples
include Altium Designer,

Cadence Allegro, and
Mentor Graphics PADS.

Q4: How important is the
choice of PCB material in

EMC design?

A4: The dielectric
constant and loss tangent

of the PCB material
significantly affect
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signal propagation and
EMI. High-frequency

designs often benefit
from lower dielectric
constant materials to

minimize signal
distortion and

reflections. Material
selection is crucial,

especially for high-speed
designs.

Q5: What are some common
mistakes to avoid in PCB

EMC design?

A5: Common mistakes
include neglecting proper

grounding, ignoring
impedance control, poorly

placed components,
insufficient decoupling,
and overlooking shielding
requirements. These can
lead to significant EMI

issues.

Q6: Can I improve EMC
performance after the PCB

is manufactured?
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A6: While design changes
are ideal, some

improvements can be made
post-manufacturing. This
often involves adding
external filters or

shielding. However, these
are generally less

effective and more costly
than proper design

practices.

Q7: What are the
regulatory standards

related to EMC for PCBs?

A7: Specific standards
vary by region and
application. Common

standards include FCC
regulations in the United
States, CE marking in

Europe, and CISPR
standards

internationally. These
standards dictate

acceptable limits for
emitted and conducted

EMI.
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Q8: How can I learn more
about EMC design?

A8: Many resources are
available, including
books, online courses,

and seminars.
Professional

certifications in EMC
engineering can

demonstrate expertise in
the field. Organizations

like the IEEE offer
valuable resources and
publications on EMC
design principles.

EMC for Printed
Circuit Boards:

Basic and
Advanced Design
Layout Techniques

Designing dependable
electronic gadgets
requires meticulous

attention to detail, and
none is more crucial than
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managing electromagnetic
compatibility | EMC|

electromagnetic
interference resilience.
Printed Circuit Boards

(PCBs) are the foundation
of most electronic

systems, and their layout
directly impacts their
EMC characteristics.

Poorly designed PCBs can
generate unwanted
electromagnetic

interference (EMI),
leading to malfunction,

data corruption, and even
safety hazards.

Conversely, well-designed
PCBs can reduce EMI
absorption, ensuring
reliable operation in

challenging
electromagnetic

environments. This
article explores basic
and advanced PCB layout
techniques for achieving

optimal EMC.

### Basic EMC Layout
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Techniques: The
Fundamentals

The basis of effective
EMC design lies in

understanding the sources
of EMI and implementing
preventive measures.
These basic techniques
often involve simple

design rules, yet their
impact is significant.

Grounding and Power
Plane Design: A
stable grounding

scheme is paramount.
Consider using a

single ground plane
for decreasing ground
loops and enhancing

signal integrity. For
high-frequency
applications,
multiple ground
planes might be

needed, with careful
consideration of

connections between
them. Similarly,
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dedicated power
planes help stabilize
voltage levels and

reduce noise
transmission. Think
of it like a well-

built house: a solid
foundation ensures
the structure's

stability, just as a
good ground plane
ensures electrical

stability.

Component Placement:
Strategically placing

components can
significantly
minimize EMI.

Vulnerable analog
components should be
kept away from high-

power, noise-
generating digital

circuits. Components
that emit significant

EMI, like
transformers and

switching regulators,
should be shielded
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physically and
electrically. Imagine
a classroom: quiet

study areas should be
far from loud
activity zones.

Signal Routing:
Signal routing is

critical for
minimizing EMI

output. Keep signal
traces as concise as
possible, avoiding

sharp bends and using
controlled impedance
lines for high-speed

signals. Using
shielding for

sensitive signals and
applying differential
signaling can further

improve EMI
performance. Think of
it like designing a
road network: short,
well-maintained roads
are more efficient
and less prone to

accidents.
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### Advanced EMC Layout
Techniques: Fine-Tuning
for Optimal Performance

While basic techniques
form the foundation of

good EMC design, advanced
techniques provide more
exact control over EMI.

Shielding: For
critical components
or sections of the
PCB, enclosure is
crucial. This can

involve using
metallic enclosures,
conductive coatings,

or even using
specific substances

within the PCB stack-
up to dampen EMI.

It's like building a
soundproof room to
isolate sensitive
equipment from
external noise.

Filtering: Adding
filters at input and
output points of the
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PCB can significantly
minimize EMI

transmission. These
filters, often
consisting of
inductors and
capacitors, are

strategically placed
to block specific
frequency ranges.

They are like filters
in a water

purification system,
removing unwanted

impurities.

Controlled Impedance
Routing: For high-

speed digital
signals, maintaining

a consistent
impedance along the
trace is crucial to

prevent signal
reflections and EMI
generation. This
requires careful
selection of trace
width, dielectric

thickness, and other
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PCB parameters. It's
analogous to
maintaining a

consistent road width
for optimal traffic

flow.

Decoupling
Capacitors:

Strategically placed
decoupling capacitors

help to regulate
voltage rails and
minimize noise
spread. These

capacitors act as
local reservoirs of
energy, preventing

voltage fluctuations
that can generate

EMI. Imagine them as
small shock absorbers
mitigating the impact

of electrical
disturbances.

### Implementation
Strategies and Practical

Benefits

Implementing these EMC
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design techniques offers
several practical

benefits:

Improved Reliability:
Reduced EMI

translates to more
robust system

operation, reducing
the risk of

malfunctions and data
loss.

Enhanced Product
Longevity: Minimizing
EMI stress extends
the lifespan of

electronic
components.

Improved Regulatory
Compliance: Meeting

EMC regulations (like
FCC and CE) is

crucial for product
certification and
market access.

Reduced Development
Costs: Addressing EMC
issues early in the
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design process can
avoid costly rework
and delays later.

Improved Signal
Integrity: Proper EMC

design directly
improves signal

integrity, leading to
improved performance.

### Conclusion

Mastering EMC design
techniques for PCBs is

essential for developing
high-quality, reliable
electronic products. By
implementing basic and

advanced layout
strategies, engineers can
minimize EMI generation
and intake, resulting in

systems that operate
reliably and dependably

in demanding
electromagnetic

environments. The
benefits extend beyond
mere functionality,
impacting product
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longevity, regulatory
compliance, and overall

development costs.
Continuous learning and
adaptation are key in

this ever-evolving field,
pushing the boundaries of

technological
advancements.

### Frequently Asked
Questions (FAQ)

Q1: What software tools
are helpful for EMC

design?

A1: Several Electronic
Design Automation (EDA)
tools offer EMC analysis

and simulation
capabilities. Popular
choices include Altium
Designer, Eagle, and

KiCad. These tools allow
for simulating and

predicting EMI issues
before prototyping.

Q2: How important is PCB
material selection for
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EMC?

A2: PCB material
selection directly
affects signal

propagation and EMI
attenuation. High-

frequency designs often
benefit from low-loss

materials with controlled
dielectric constants.

Q3: Can I retrofit EMC
improvements into an

existing design?

A3: Retrofitting is often
challenging and may not

be fully effective.
However, some

improvements, such as
adding shielding or
filters, might be

possible depending on the
design's complexity and

accessibility.

Q4: Is EMC design only
necessary for high-speed

digital circuits?
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A4: While high-speed
digital circuits often
require more stringent
EMC considerations,
proper EMC design is
beneficial for all
circuits to ensure

reliable operation and
compliance with

regulations. Even low-
frequency analog circuits
can be susceptible to

EMI.

https://www.wa.cityeyehos
pital.or.ke/200926/128GQ3
0735/MD/vw-6_speed_manual
-transmission-codes.pdf

https://www.wa.cityeyehos
pital.or.ke/5X92P75/23291
4200926/TXT/rats_mice_and
__dormice_as__pets_care-
health__keeping__raising-
training_food__costs_wher

e__to__buy_breeding-
and__much_more_all__inclu

ded-the-comple.pdf
https://www.wa.cityeyehos
pital.or.ke/gm202609/GM22
317057232914/PUB/honda_ac

https://www.wa.cityeyehospital.or.ke/zi/48313Z5I02260920/DOC/vw__6__speed__manual__transmission__codes.pdf
https://www.wa.cityeyehospital.or.ke/zi/48313Z5I02260920/DOC/vw__6__speed__manual__transmission__codes.pdf
https://www.wa.cityeyehospital.or.ke/zi/48313Z5I02260920/DOC/vw__6__speed__manual__transmission__codes.pdf
https://www.wa.cityeyehospital.or.ke/zi/48313Z5I02260920/DOC/vw__6__speed__manual__transmission__codes.pdf
https://www.wa.cityeyehospital.or.ke/232914/909F9M7922/EPUB/rats-mice-and_dormice__as-pets-care__health__keeping__raising_training__food-costs_where__to_buy__breeding_and__much__more_all-included_the_comple.pdf
https://www.wa.cityeyehospital.or.ke/232914/909F9M7922/EPUB/rats-mice-and_dormice__as-pets-care__health__keeping__raising_training__food-costs_where__to_buy__breeding_and__much__more_all-included_the_comple.pdf
https://www.wa.cityeyehospital.or.ke/232914/909F9M7922/EPUB/rats-mice-and_dormice__as-pets-care__health__keeping__raising_training__food-costs_where__to_buy__breeding_and__much__more_all-included_the_comple.pdf
https://www.wa.cityeyehospital.or.ke/232914/909F9M7922/EPUB/rats-mice-and_dormice__as-pets-care__health__keeping__raising_training__food-costs_where__to_buy__breeding_and__much__more_all-included_the_comple.pdf
https://www.wa.cityeyehospital.or.ke/232914/909F9M7922/EPUB/rats-mice-and_dormice__as-pets-care__health__keeping__raising_training__food-costs_where__to_buy__breeding_and__much__more_all-included_the_comple.pdf
https://www.wa.cityeyehospital.or.ke/232914/909F9M7922/EPUB/rats-mice-and_dormice__as-pets-care__health__keeping__raising_training__food-costs_where__to_buy__breeding_and__much__more_all-included_the_comple.pdf
https://www.wa.cityeyehospital.or.ke/232914/909F9M7922/EPUB/rats-mice-and_dormice__as-pets-care__health__keeping__raising_training__food-costs_where__to_buy__breeding_and__much__more_all-included_the_comple.pdf
https://www.wa.cityeyehospital.or.ke/232914/909F9M7922/EPUB/rats-mice-and_dormice__as-pets-care__health__keeping__raising_training__food-costs_where__to_buy__breeding_and__much__more_all-included_the_comple.pdf
https://www.wa.cityeyehospital.or.ke/232914/909F9M7922/EPUB/rats-mice-and_dormice__as-pets-care__health__keeping__raising_training__food-costs_where__to_buy__breeding_and__much__more_all-included_the_comple.pdf
https://www.wa.cityeyehospital.or.ke/61V145034V/37V486V/EPDF/honda__accord__repair__manual_1989.pdf
https://www.wa.cityeyehospital.or.ke/61V145034V/37V486V/EPDF/honda__accord__repair__manual_1989.pdf
https://www.wa.cityeyehospital.or.ke/61V145034V/37V486V/EPDF/honda__accord__repair__manual_1989.pdf


Emc For Printed Circuit Boards
Basic And Advanced Design Layout

Techniques

Emc For Printed Circuit Boards
Basic And Advanced Design Layout

Techniques

31

cord__repair-
manual-1989.pdf

https://www.wa.cityeyehos
pital.or.ke/be/1B9448E/TX
T/arctic_cat__4x4__250-20

01__workshop-
service__repair-

manual.pdf
https://www.wa.cityeyehos
pital.or.ke/6007Q09L98/56
23Q7L/KINDLE/shock_to-
the-system__the__facts-

about__animal-
vaccination__pet__food-

and-
how__to_keep__your__pets_

healthy.pdf
https://www.wa.cityeyehos
pital.or.ke/52Z15T1/20092
6/RTF/population_study__g
uide-apes_answers.pdf

https://www.wa.cityeyehos
pital.or.ke/wm/7915W5443M
260920/ITUNE/timberjack-

manual__1210b.pdf
https://www.wa.cityeyehos
pital.or.ke/nf202609/9F57
N03236232914/MD/medical-

imaging-of-normal-
and__pathologic__anatomy.

https://www.wa.cityeyehospital.or.ke/61V145034V/37V486V/EPDF/honda__accord__repair__manual_1989.pdf
https://www.wa.cityeyehospital.or.ke/61V145034V/37V486V/EPDF/honda__accord__repair__manual_1989.pdf
https://www.wa.cityeyehospital.or.ke/4Y504X5/7Y721X2321/EPUB/arctic_cat__4x4_250_2001-workshop__service-repair_manual.pdf
https://www.wa.cityeyehospital.or.ke/4Y504X5/7Y721X2321/EPUB/arctic_cat__4x4_250_2001-workshop__service-repair_manual.pdf
https://www.wa.cityeyehospital.or.ke/4Y504X5/7Y721X2321/EPUB/arctic_cat__4x4_250_2001-workshop__service-repair_manual.pdf
https://www.wa.cityeyehospital.or.ke/4Y504X5/7Y721X2321/EPUB/arctic_cat__4x4_250_2001-workshop__service-repair_manual.pdf
https://www.wa.cityeyehospital.or.ke/4Y504X5/7Y721X2321/EPUB/arctic_cat__4x4_250_2001-workshop__service-repair_manual.pdf
https://www.wa.cityeyehospital.or.ke/4Y504X5/7Y721X2321/EPUB/arctic_cat__4x4_250_2001-workshop__service-repair_manual.pdf
https://www.wa.cityeyehospital.or.ke/93T049V/232914200926/EPUB/shock-to__the-system__the-facts_about_animal_vaccination__pet-food__and__how__to-keep-your_pets__healthy.pdf
https://www.wa.cityeyehospital.or.ke/93T049V/232914200926/EPUB/shock-to__the-system__the-facts_about_animal_vaccination__pet-food__and__how__to-keep-your_pets__healthy.pdf
https://www.wa.cityeyehospital.or.ke/93T049V/232914200926/EPUB/shock-to__the-system__the-facts_about_animal_vaccination__pet-food__and__how__to-keep-your_pets__healthy.pdf
https://www.wa.cityeyehospital.or.ke/93T049V/232914200926/EPUB/shock-to__the-system__the-facts_about_animal_vaccination__pet-food__and__how__to-keep-your_pets__healthy.pdf
https://www.wa.cityeyehospital.or.ke/93T049V/232914200926/EPUB/shock-to__the-system__the-facts_about_animal_vaccination__pet-food__and__how__to-keep-your_pets__healthy.pdf
https://www.wa.cityeyehospital.or.ke/93T049V/232914200926/EPUB/shock-to__the-system__the-facts_about_animal_vaccination__pet-food__and__how__to-keep-your_pets__healthy.pdf
https://www.wa.cityeyehospital.or.ke/93T049V/232914200926/EPUB/shock-to__the-system__the-facts_about_animal_vaccination__pet-food__and__how__to-keep-your_pets__healthy.pdf
https://www.wa.cityeyehospital.or.ke/93T049V/232914200926/EPUB/shock-to__the-system__the-facts_about_animal_vaccination__pet-food__and__how__to-keep-your_pets__healthy.pdf
https://www.wa.cityeyehospital.or.ke/93T049V/232914200926/EPUB/shock-to__the-system__the-facts_about_animal_vaccination__pet-food__and__how__to-keep-your_pets__healthy.pdf
https://www.wa.cityeyehospital.or.ke/tt/32TT656/PAGE/population-study-guide_apes-answers.pdf
https://www.wa.cityeyehospital.or.ke/tt/32TT656/PAGE/population-study-guide_apes-answers.pdf
https://www.wa.cityeyehospital.or.ke/tt/32TT656/PAGE/population-study-guide_apes-answers.pdf
https://www.wa.cityeyehospital.or.ke/tt/32TT656/PAGE/population-study-guide_apes-answers.pdf
https://www.wa.cityeyehospital.or.ke/200926/306Z2036T5/PLAY/timberjack_manual_1210b.pdf
https://www.wa.cityeyehospital.or.ke/200926/306Z2036T5/PLAY/timberjack_manual_1210b.pdf
https://www.wa.cityeyehospital.or.ke/200926/306Z2036T5/PLAY/timberjack_manual_1210b.pdf
https://www.wa.cityeyehospital.or.ke/200926/306Z2036T5/PLAY/timberjack_manual_1210b.pdf
https://www.wa.cityeyehospital.or.ke/232914/793Q93L/BOOK/medical-imaging__of__normal__and-pathologic__anatomy.pdf
https://www.wa.cityeyehospital.or.ke/232914/793Q93L/BOOK/medical-imaging__of__normal__and-pathologic__anatomy.pdf
https://www.wa.cityeyehospital.or.ke/232914/793Q93L/BOOK/medical-imaging__of__normal__and-pathologic__anatomy.pdf
https://www.wa.cityeyehospital.or.ke/232914/793Q93L/BOOK/medical-imaging__of__normal__and-pathologic__anatomy.pdf
https://www.wa.cityeyehospital.or.ke/232914/793Q93L/BOOK/medical-imaging__of__normal__and-pathologic__anatomy.pdf


Emc For Printed Circuit Boards
Basic And Advanced Design Layout

Techniques

Emc For Printed Circuit Boards
Basic And Advanced Design Layout

Techniques

32

pdf
https://www.wa.cityeyehos
pital.or.ke/R870R63/20092

6/PUB/shop-
manual__ford-1220.pdf

https://www.wa.cityeyehos
pital.or.ke/200926/8W7956
54E7/PDF/manual-telefono-

huawei.pdf

https://www.wa.cityeyehospital.or.ke/232914/793Q93L/BOOK/medical-imaging__of__normal__and-pathologic__anatomy.pdf
https://www.wa.cityeyehospital.or.ke/232914/15629298HO/DOC/shop__manual_ford__1220.pdf
https://www.wa.cityeyehospital.or.ke/232914/15629298HO/DOC/shop__manual_ford__1220.pdf
https://www.wa.cityeyehospital.or.ke/232914/15629298HO/DOC/shop__manual_ford__1220.pdf
https://www.wa.cityeyehospital.or.ke/232914/15629298HO/DOC/shop__manual_ford__1220.pdf
https://www.wa.cityeyehospital.or.ke/zg/Z61621G/MD/manual_telefono-huawei.pdf
https://www.wa.cityeyehospital.or.ke/zg/Z61621G/MD/manual_telefono-huawei.pdf
https://www.wa.cityeyehospital.or.ke/zg/Z61621G/MD/manual_telefono-huawei.pdf
https://www.wa.cityeyehospital.or.ke/zg/Z61621G/MD/manual_telefono-huawei.pdf

