PREFACE:

Why do circuit board designers
consider EMC?

Electromagnetic Interface (EMI) is a
major problem in modern electronic
circuits, circuit board designers will
have to e the interference ( to achieve
electromagnetic compatibility (EMC) )
to have the circuit board operating as
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1.1. Terms Related to EMC

Electromagnetic Compatibility (EMC) -—- The capability of electrical and
electronic system, equipments, and devices to operate in their intended
electromagnetic environment within a defined margin of safety, and at design
level or performance, without suffering or causing unacceptable
degradation as a result of electromagnetic interface. (ANSI C64.14-1992)

Electromagnetic Interference (EMI) --- EMI is the process by which
disruptive electromagnetic energy is transmitted from one electronic device
to another via radiated or conducted paths (or both).

In common usage, the term refers particularly to RF signal. EMI can occur in
the frequency range commonly identified as “anything greater than DC to
daylight”.

Immunity -— A relative measure of a device or a system'’s capability to
withstand EMI exposure while maintaining a predefined performance level.
Susceptibility -— A relative measure of device or system’s propensity to be
disrupted of damaged by EMI exposure to an incident field or signal. It is the
lack of immunity.



1.2. Elements of the Electromagnetic Environment

A simple EMI model consists of three elements:

* EMI source

Clock Circuitry, MPU/MCUs, ESDs, Transmitters, Electromechanical Relays,
Switching Powers, and Lighting etc..

* Coupling path

Conducted Path : ( Common ) conductor,( parasitical ) Capacitor,
( parasitical ) Inductor

Radiated Path : Radiated Electric and Magnetic Fields

* Receptor
All electronic circuits



1.2. Elements of the Electromagnetic Interference
Environment (continued)

The simple EMI model is graphically in following figure.

Control Emission Control Propagation Control Susceptibility
(Reduce noise source level) (Reduce propagation efficiency)  (Increase receptor immunity)
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(Reduce propagation efficiency) (Increase receptor immunity)

EMI Elements



1.3. EMC Cost

The most cost-effective way to design for EMC is to consider the EMC at
the early stages of the design. Cost of EMC measures is shown in
following figure.




2. Component selection and Circuit design
techniques for EMC

Component selection and circuit design are major factors
that will affect board level EMC.

Each type of electronic components has its own
characteristics, therefore requires careful design
considerations.

2.1. Component Packages vs. EMC
2.2. Discrete Components Features vs. EMC
2.3. Integrated Circuits Features vs. EMC

2.4. Microcontroller/Microprocessor Circuits vs.
EMC



2.1. Component Packages vs. EMC

Basic types :
Leaded

Larger parasitic effects at high frequencies. The leads forms a low value
inductor about 1nH/mm per lead and the end terminations can also produce a

small capacitive effect in the region of 4pF.

Leadless.

Less parasitic. Typically, 0.5 nH of parasitic inductance with a end termination

capacitor of about 0.3pF.

From an EMC viewpoint, surface mount components is preferred, followed

by radial leaded, and then axial leaded.
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2.2. Discrete Components Features vs. EMC

2.2.1. Resistors Features vs. EMC

2.2.2. Capacitors Features vs. EMC
2.2.3. Inductors Features vs. EMC
2.2.4. Diodes Features vs. EMC
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2.2.1. Resistors Features vs. EMC

Surface mount resistor are always
preferred over leaded types because of
their low parasitic elements. For the leaded
type, from an EMC viewpoint, the carbon
film type is the preferred choice, followed
by the metal film, then the wire wound.
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2.2.2. Capacitors Features vs. EMC

Selecting right capacitor can solve many EMC
problems because their function.

2.2.2.1. Types of capacitors

2.2.2.2. Bypass capacitors

2.2.2.3. Decoupling capacitors
2.2.2.4. Experience for capacitor using

2.2.2.5. Capacitors in schematics



2.2.2.1. Types of Capacitors

Aluminium electrolytic capacitor are

usually constructed by winding metal foil spirally
and a thin layer of dielectric, which gives high
capacitance per unit volume but increases internal
inductance of the part.

plate and pin connections, which gives a lower internal inductance

Tantalum capacitors are made from of the dielectric with direct g
than aluminium electrolytic capacitors.

Ceramic capacitor are constructed of multiple parallel

metal plates within a ceramic dielectric. The dominant parasitics is the &
inductance of the plate structure and this usually dominates the -~ .
impedance for most types in the lower MHz region. - .

Other capacitors.

@ _
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2.2.2.2. Bypass capacitors
2.2.2.3. Decoupling capacitors

2.2.2.2. Bypass capacitors

The main function of the bypass capacitor is to create an AC shunt to remove
undesirable energy from entering susceptible areas. It acts as a high frequency
bypass source to reduce the transient circuit demand on the power supply unit.

Usually, the aluminium or tantalum capacitor is a good choice, its value depends
on the transient current demand on the PCB and is usually in the range of 10 to
470uF. Larger value is required on PCBs with a large number of integrated
circuits, fast switching circuits, and PSUs have long leads to the PCB.

2.2.2.3. Decoupling capacitors

During active device switching, the high frequency switching noise created is
distributed along the power supply lines. The main function of the decoupling
capacitor is to provide a localized source of DC power for the active devices,
thus decoupling the noise to ground to reduce the switching noise propagation
across the board.



2.2.2.4. Experience for using capacitors

Ideallg, the bypass and decoupling capacitors should be placed as close as
possible to the power supply inlet. The value of the decoupling capacitor is

approximately 1/100 to 1/1000 of the bypass capacitor.

For better EMC performance, decoupling capacitor should be placed as close as
possibly to each IC, because track impedance will reduce the effectiveness of
the decoupling. The value depends on the rise and fall time of the fastest signal.
For example, with a 33MHz clock frequency, use 4.7nF to 100nF, with a 100MHz
clock frequency, use 10nF.

The ESR of the capacitor also affects its decoupling capability. It is preferable to
choose capacitors with a ESR value below 1Q.

A common practice is to use two decoupling capacitors in parallel. This can
provide a wider spectral distribution to reduce the switching noise induced by the
power supply networks. Multiple decoupling capacitors connected in parallel can
provide 6dB improvement to suppress RF currents generated by active device
switching. The value of the two capacitors should differ by two orders of
magnitude (e.g. 0.1uF+0.001uF connected in parallel).



2.2.2.5. Capacitor Examples
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2.2.2.5. Capacitor Examples (Continued)

CPU_VCCA

| | |
C1045| C1046 C1048 | C1522 C1523 | c1524 | 1525
—t -1
01U 01U | 01U | 10U eav IJH 6.4y u B3V | 10U_6.3v
X5R | x5R

JM2 CPU_VCCA (for CPU core PLL)



2.2.3. Inductors Features vs. EMC

The inductors is the component which forms a link between magnetic and electric
fields, hence are potentially more susceptible than other components as they have
an inherent ability to interact with magnetic fields. Similar to capacitors, the inductor,
when used intelligently, can provide a cure to many EMC problems.

x I(/d_-\\'\l".lI
:Ii L/

",

open loop core ve. closs loop oone rob inductor vs. bobbin inducior
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2.2.3. Inductors (continued)

Core material : iron and ferrite.

Iron core inductor are used for low frequency applications ( tens of
thousands ) while ferrite core inductor is more suitable for EMC applications.

Two special types in EMC applications :

ferrite beads and ferrite clamps.
The ferrite bead is a single turn inductor and is 2 m
usually a single lead through the ferrite. This e | o “,. :
device provides 10dB attenuation over the high :

frequency range and a low attenuation at DC. &y
The ferrite clams provides 10 to 20 dB attenuation ’ (=

in both common (CM ) and differential mode ( DM ) C ~ "
in the high Mhz region.

The inductor in DC-DC converter applications must have low
emission and be able to handle high saturation currents, the bobbin shape
inductor has these characters to fit this applications.



2.2.3. Inductors (continued)

In power supply application, a LC filter is needed to
provided impedance matching between low impedance
supply and high impedance digital circuit.

LOW IMPEDANCE " HIGH IMPEDANCE
POWER SUPPLY ’. T “ DIGITAL CIRCUIT
I I

z___

Z



2.2.4. Diodes Features vs. EMC

The diode is the simple form of semiconductor devices. Based on their individual
characters, some diodes can help to solve and protect from EMI related problems.

Diode Characlerlstics
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2.3. Integrated Circuits Features vs. EMC

The maijority of modern digital ICs are manufactured using CMOS technology.
The static power consumption of CMOS devices may be lower, but with fast
switching rates the CMOS device demands transient power from supply. The
dynamic power demand of a high speed clocked CMOS device may exceed an
equivalent bipolar device. Therefore, decoupling capacitors must be used on
these devices to reduce the transient power demand from the power supply.

2.3.1. Integrated Circuit Package

2.3.2. Line Terminations



2.3.1. Integrated Circuit Package

The shorter the lead, the less the EMI problem.

The surface mounts are preferred for better EMC performance because of lower
package parasitics and smaller loop area. Further improvements are the use of
die bonds, directly on the PCB.

The pins assignment of an IC can also affect EMC performance.
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2.3.2. Line Terminations

When a circuit is operating at high speed, the impedance mismatching
between the source and destination will cause signal reflection and ringing.
The excess RF energy will also radiate or couple to other parts of the circuit.
Termination of signal help to reduce these undesirable effects.

2.3.2.1. Series/Source termination
2.3.2.2. Parallel termination
2.3.2.3. RC termination

2.3.2.4. Thevenin termination
2.3.2.5. Diode termination

2.3.2.6. Summary of Termination



2.3.2.1. Series/Source termination

R 2o
SOURCE ' LOAD

DRIVER —AWH {']"___L )
’

|
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The source termination resistor, Rg is added to achieved impedance

matching between the source, Z3, and the distributed trace, Z,. It can also
absorb reflection from the load.

Rs must be placed as close as possible to the source driver. The value of
Rsis the real part in the equation : Rg= (£5-Zs). Typically, Rs equals to
approximately 15 to 75Q.



2.3.2.2. Parallel termination

SOURCE LOwD

oRVER L { 1
*‘ r §

s

The parallel termination, R, is added, such that R //Z_is matched with
Z0. But this method is not suitable for hand-held products, because of
the low value of R;, (typically 50Q)), and will consume high power and
requires the source driver to drive a high current. This method also
adds a small delay by ( Rp//ZL x Cd ).



2.3.2.3. RC termination

SOURCE

ORIVER {

|

The RC termination is similar to parallel termination, but with addition of CI.

£l

3

The R provides impedance matching with Z,, and C1 provides the drive

current to drive the R and filter out the RF energy from the trace to ground.

Therefore, the RC termination need less source driver current than the
parallel termination. Value of R and C1 depends on Z,, T, (round trip
propagation delay), and Cd. Time constant, RC=3xT 4, where RIIZ =Z,,

C=C1//C,.

|



2.3.2.4. Thevenin termination

-/nll
SOURCE
DRVER [\

W

'
L £y

The thevenin termination is formed by the R1 pull-up and R2 pull-down resistors,
such that the logic high and low can meet the requirement of the destination load.

The value of R1 and R2 can be determined by R1//R2=2,.

R1+R2+Z_is such that the maxim current can not exceed the source driver
capability.

For example, R1=220Q, R2=3300Q

V ~R2/(R1+R2)xVCC=330/(330+220)x5=3V

Where VCC is the supply voltage.



2.3.2.5. Diode termination

SOURCE
DRIVER —

|

The diode termination is similar to the thevenin termination, except that the
resistors are replaced by diodes, which has a lower power consumption. The
D1 and D2 configuration is used to limit overshoots of the reflected signal from
the load. The diodes do not affect the line impedance, unlike the thevenin
termination. Schottky and fast switching diodes are good choice for this type of
termination.

The advantage of this termination is that Z, does not need to be known. This
termination is commonly used inside MCUs for protection of I/O ports.



2.3.2.6. Line Terminations

Summary of Termination Methods

Termination Relative Power Critical -
Type Cost Delay Adcded Required Parameters Characteristics
Series Low Yas Lonw Re=2Z;=Ry Good DC noise margin
_ Powear I:ﬂl'lﬂl]ﬂ'lpti:ll'l I5a
Parallel Low Small High R=2Z, oroblem
R=2Zy Check bandwidth ancd
HE Medium small Medium | & _ 2010 600pF | added capacitance
Thevenin Medium Small High R=2xZ, High power for CMOS
. . Limits overshoot; some
Diode High Small Low B ringing at diodes




2.4. Microcontroller/Microprocessor Circuits
Features vs. EMC

¢+ 2.4.1.1/0 port pins
+ 2.4.2. Resetpin and IRQ pins
¢ 2.4.3. Oscillators
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2.4.1.1/O port pins

With most MCUs and MPUs, input pins are usually high
impedance.

High impedance input pins are susceptible to noise and can
register false levels if not properly terminated. When these pins
are unconnected, they may result in a leakage and often float to
the mid-point of the supply rail or to an undefined voltage.

Input pins which are not internally terminated need some high
resistance (e.g. 4.7kQ or 10kQ) attached to each pin to ground
or supply to ensure a known logic state.



2.4.2. Reset pin and IRQ pins

The Reset and IRQ pins are the most important and critical pins of the
MPU/MCU. If noise cause these pins to mis-trigger, a catastrophic effect will
happen. For these pins, the termination is more important than the generate 1/O
port pins.

At power on, the supply rises to the mcu/mpu operating voltage, and there will be
some time before it es stable. Therefore it is necessary to have some time delay
on the reset pin. The delay circuit may be either RC (resistor-capacitor) network

or RESET IC.

Basic RC reset circuits Reset |IC reset circuits

3r



Crystal Equivalent Circuit




3. Printed circuit board layout techniques for EMC

In addition to component selection and circuit design, good
printed circuit board (PCB) design is an important factor in
EMC performance. Since the PCB is an inherent part of the
system, EMC enhancements by PCB layout doesn’t add
extra cost towards the finish product.

Most PCB layout are restricted by board size and shape
and the number of copper layers. There are no fast and
strict rulers for PCB layout. Much of it will depend on the
experience of the PCB layout engineer.
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3. Printed circuit board layout techniques for EMC

3.1. PCB Basic Characteristics

3.2. General guideline for PCB layout
3.3. Segmentation

3.4. Decouple Local Supplies and ICs
3.5. Trace Separation

3.6. Guard and Shunt Traces

3.7. Grounding Techniques

3.8. Tracking Layout Techniques
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3.1. PCB Basic Characteristics

Blind Wia Pad  Selder Mask Terough Via

|
E
Track Characteristics:

|
Trace Buried ¥ia Irternal Trace

Resistance : The resistance of the track is determined by the weigh and

cross-sectional area.

Capacitance : The capacitance of the track is determined by the dielectric
(EoEr), coverage area (A), an distance between tracks (h). The equation is
C = EoErA/h.

inductance : The inductance of the track is evenly distributed in the track.
( approximately 1nH/mm

41



3.2. General guideline for PCB layout

Increase the separation between tracks to minimize crosstalk
by capacitive coupling.

Maximize the PCB capacitance by placing the power and
ground in parallel

Place sensitive and high frequency tracks far away from high
noise power tracks.

Widen ground and power tracks to reduce the impedance of
both power and ground.

42



3.3. Segmentation

oo VO T 777 R 77777 T A T

source  GMND

/ GND

Wi y
Digital circuit 1 Analog circuit T DC circuit Interface circuit

Unmetallizad moats

Segment is the use of physical separation to reduce the coupling between
different types of circuit, particularly by the power and ground tracks.



3.4. Decouple Local Supplies and ICs

Localized decoupling can reduce noise propagating along the supply rail.
Decoupling capacitors should be connected between power and ground at
each IC, as close as possible to the pins. This helps to filter out switching
noise from the IC.
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3.5. Trace Separation

Mor-critical Crtical MNon-critical or
Signal Signal differential pair signals

3W Ruler

. |

H

L

H 2H W 2W H H

Y
)
A

i
]

]

Trace separation is used to minimize the crosstalk and noise coupling (by
magnetic flux coupling) between adjacent trace on the same PCB layer.
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3.6. Guard and Shunt Traces

Critical
Signal trace

Magnetic fluy

Guard frace

Groundead at
destination end

PCEB laminata

Shunt trace

Grounded at
driver end

Doesn't need to be terminated (connected to ground)




3.7. Grounding Techniques

The objective of grounding technique is to minimize the grounding
impedance and thus to reduce the potential of the ground loop from
circuit back to the supply.

3.7.1. Ground track in single-layer PCBs

3.7.2. Ground track in double-layer PCBs

3.7.3. Guard ring

3.7.4. PCB capacitor

3.7.5. Fast circuits and slow circuits

3.7.6. Ground and power planes in multi-layer PCBs
3.7.7. Ground copper fills

3.7.8. Multi-power requirements
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1.

3.7.1. Ground track in single-layer PCBs
3.7.2. Ground track in double-layer PCBs

Ground track in single-layer PCBs

The width of the ground track should be as wide as possible. the use of jumper
and changes in ground track width should be kept to a minimum, as these can
cause change in impedance and inductance.

Ground track in double-layer PCBs

The ground grid/matrix arrangement is preferred for digital circuits because this
arrangement can reduce ground impedance, ground loops, and signal return
loops. As with single-layer PCBs, the width of the ground and power tracks
should be as wide as possible.

Another scheme is to have a ground plane on one side, the signal and power
on the other side. In this arrangement the ground return path and impedance
will be further reduced and decoupling capacitor can be placed as close as
possible between the IC supply line and the ground plane.
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3.7.3. Guard Ring

Power supply decoupling

PLL fiter metwork

I I_.*:."-||

Ground plane also
acls as guard nng
against noise

The guard ring is a
grounding technique that

can isolate the noise (e.g.

RF current) environment
outside the ring.

49



3.7.4. PCB capacitor
3.7.5. Fast circuits and slow circuits

4. PCB capacitor

On a multi-layer board, a PCB is created by the thin laminate separating the
power and ground planes. On a single-layer boars, this capacitor effect is also
achieved by running the power and ground traces in parallel. The advantages
of the PCB capacitor is that it has a very high frequency response and low
series inductance that is evenly distributed decoupling capacitor on the whole
board. No single discrete component has these characteristics.

5. Fast circuits and slow circuits

High speed circuits should be placed close to the ground plane while the
slower circuits can be placed close to power plane.



3.7.6. Ground and power planes in multi-layer PCBs
3.7.7. Ground copper fills

3.7.6. Ground and power planes in multi-layer PCBs

Critical signals layer

Laminate

Ground plane layer
PCB L

dlminata

Laminalia

MNon-critical signals layer

3.7.7. Ground copper fills

In some analog circuits, unused board areas are covered with a large
ground such that it provides shielding and improve decoupling. But if the
copper area is floating (e.g. not connected to ground), it may act as an
antenna, and it will cause EMC problems.
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3.7.8. Multi-power requirements

Star points

AN

Bypass / X Decoupling

capacitor capadtor

When the circuit requires more than one power supply, the idea is to keep
each power separated by a ground plane. This help to avoid noise coupling
from one power source to the other.



3.8. Tracking Layout Techniques

3.8.1. Vias

3.8.2.45° angled tracking

3.8.3. Stubs

3.8.4. Star signal arrangement
3.8.5. Radiating signal arrangement
3.8.6. Constant track width

3.8.7. Hole and via concentrations
3.8.8. Split aperture

3.8.9. Ground metallized patterns
3.8.10. Minimize loop areas



3.8.1. Vias
3.8.2.45° angled tracking

1. Vias

On a high speed signals, a via introduces 1 to 4nH of inductance and 0.3 to 0.8pF of
capacitance to the track. Hence, vias should be kept to an absolute minimum. On
high speed parallel lines (e.g. address and data lines), make sure the number of
vias are the same on each signals line.

2. 45° angled tracking

Right-angle track turns should be avoid because noise that is produced at the
inner edge can be couple to nearby tracks. Therefore, all orthogonal tracking
should be 45° when making turns.




3.8.3. Stubs

4.
Sk

Star signal arrangement
Radiating signal arrangement

3.8.3. Stubs %

Stubs produce reflections as well as the ©

potential of adding wavelengh divisible l \/l

aerials to the circuit.

3.8.4. Star signal arrangement

The star arrangement should be avoid for high speed and sensitive signals
because it introduce multiple stubs.

3.8.5. Radiating signal arrangement

A radiating signal arrangement is usually the shortest tracking and causes
minimum delay from source to all receivers, but this can cause multiple
reflection and radiated interference. This should be avoided for high speed
and sensitive signals.



3.8.6. Constant track width
3.8.7. Hole and via concentrations

3.8.6. Constant track width

Varying track width creates changes in track
impedance, this can cause reflections and line
impedance imbalances.

3.8.7. Hole and via concentrations

A concentration of via holes that pass through
the power and ground planes produce a localized
impedance difference near the holes. The area not
only es a “hot spot” of signal activity, but the supply
planes are high impedance at this point and less
effective as RF sinks.



3.8.8. Split aperture
3.8.9. Ground metallized patterns

3.8.8. Split aperture

This is same with hole and via concentrations, split apertures (i.e. log holes or
wide vias) in power and ground planes create an area of non-uniformity and
reduce their effectiveness as shields, as well as locally increasing the
impedance of the power and ground planes.

3.8.9. Ground metallized patterns

All metallized patterns should be connected to ground, otherwise these large
metal areas can act as radiating aerials.
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3.8.10. Minimize loop areas

A current path is present from the load to the
power supply source whether with ground
plane or trace. The lower the impedance of
the return path the better the EMC
performance of the PCB. The return path
should be as short as possible, the loop
area should be as small as possible.

Keeping signal tracks and its ground return
close together will help to minimize the ground
loop. With high speed single-ended signals,
sometimes the gmund return may have to be
tracked alongside the signal if the signal does
not track over a low impedance ground plane.




4. Conclusion and Discussion

4.1. Conclusion
4.2. Discussion



4.1. Conclusion

The design consideration only discusses board level
Designing consideration.

Although the circuit may be working at the board level, but it may be radiating
noise to other parts of the sEystem, causing problems at system level. Generally,
only achieving board level EMC may not be enough. Further-more, EMC at the
system or equipment level ma% have to satisfy certain emission standards, so
that the equipment does not affect other equipment or appliances.

The PCB design rulers discussed are only general rulers, they should be
treated as general guideline.

System Level EMC solution :
Shielding, Ground, ( Power ) Filter



4.2. Discussion

Discussion
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