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Why is this happening?

0 Companies are highly motivated to show up in web
searches.

0 Very little motivation to publish information that is
accurate or relevant.

1 No motivation to remove information that is dated or
incorrect.

Freescale Semiconductor ~Awwm
Application Note

Designing for Board Level
Electromagnetic Compatibility

“freescale

w

Why does this matter?

O It's costing companies time and money.

O It's reducing the reliability of electronic products.

O It makes people doubt that anyone really knows how to design a compliant product.

O It encourages a build-test-fix design mentality.
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What can be done about it?

U Encourage the distribution of correct and relevant information.

0 Promote discussion. Point out that the Emperor has no clothes.
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| Things Labeled Ground

1 Safety / Lightning Protection Conductors

J EMC Ground Structures

2 Power and Signalws

Current return is generally incompatible with grounding!!!

IEC 60417 Ground and Current Return Symbols

T

Earth Noiseless Protective Frame Current
Ground Earth Earth or Chassis Return
Ground Ground Ground
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Where is the Circuit Board Ground?

PCB EMC Ground
PCB EMC Ground / (zero-volt reference)
(zero-volt reference)

RTN RTN

PCB in product with no ground structure PCB mounted near the ground structure

PCB ground cannot be at a different
potential than the ground structure.

Quantifying Common-Impedance Coupling

Maximum common impedance coupling is easy to quantify!

NOTE:
—
— X Use Rshareld' not (gLshared or 1/6Cqpareq-
Those values indicate magnetic- or
source shared

COUpled electric-field coupling.

(worst-case) (worst-case) (worst-case)

O Perform this calculation when you suspect conducted coupling will be an issue.

0 ALWAYS perform this calculation before isolating signal returns labeled “ground”!
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| Isolate the Switching Current Loop?

s L +

Can the switching current share the ground =vin A° =€ load 3 vout

plane with the digital circuits? B
Switching Current: 100 Amps peak DC-DC buck converter

E" — % Don't neglect H-field coupling!
Digital Signal: 3.3 Volts 10 cm

Ground plane is half-ounce copper

15¢cm

Resistance of board: < 1 mQ/square

Voltage induced by common-impedance coupling: < 100 mV

Vertical vs. Lateral Isolation
C )

M —Digital RTN

- —Analog RTN

Chassis GND [ ]

—Digital RTN
T Chassis GND

Vertical Isolation
Provides low-frequency isolation, while
facilitating high-frequency bonding.

0 All planes that reference signals that leave the board
T structure at should be tied to ground with capacitors.
a ons
r

?
h 1 Only one plane usually needs to be full size.

0 One or zero vias should connect planes with different

Digital GND labels.
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| Two Bad Ground Plane Layouts (and one good one)

CONNECTOR CONNECTOR CONNECTOR CONNECTOR CONNECTOR CONNECTOR
“Quiet” 1/0 Ground .
L [1] o L] L4 b l 9 l L4 o “Quiet” /0 Ground [
FILTERING |"Quiet” 1/0 Ground [ FILTERING FILTERING | [ FILTERING FILTERING FILTERING

1( | C

“Noisy” | “Noisy” —
Ground \‘\“.‘. Ground L\@ GNrour¥d
S| W

o el

A\

More Split Grounds

EMC at PCB Level: Potential Sources, Compliance, and Layout Techniques
Pan-European Training, August 2022

vee 7 78 7 7 70 7
Power
source GND
2! 2!

}7 i
Sierra Circuits: December 2022
veo GND
Digital circuit Analog circuit DC circuit Interface circuit (m N
L ized moats GND [ ] [ I
Digital circuit Analog circuit
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Electromagnetic Testing Services (Current Website)

DESIGN GUIDELINES

OV PLANES
I 11 1 [
Digital Analogue
|

7))

Sierra Circuits (January 2023)
Application Note: High-Speed PCB Design Guide

7.2.9 Ground Plane Isolation

Isolate the ground planes when required in the digital section. The figure presented
below shows the necessity of isolation within the digital sections. The USB and RJ45
connectors communicate externally. The board GND needs to be isolated to avoid any
noise or interference from external chassis/body GND.

Gigabit
Py

Typical Chassis/Digital Ground Planes for
P d R31-45 and Magneti

RJ45 Connector and USB Connector
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Floating reference

( | : 3 ) In an isolated system, the floating ground is a large reference conductor that is not physical connection to the earth

Hence, the voltage at the ground terminals and is The floating ground is
considered a system fault, though in some cases it is intentionally used for safety.

PRA  Bestin.Class PCB Fabricaion, Assembly, & Components
CIRCUITS  Indusry Leading PCB Designer's Tooks
For example, in the circuit below, isolation transformers are used in low-voltage (LV) power supplies to separate the main

Even if there is a fault on the LV side, it provides electrical safety.

solation transformer with
high resistance material

Best PCB Grounding [ = —
Techniques for High-Power and i ‘
HDI Designs woo @

What is the purpose of grounding in PCBs?

Ground provides a common return path for signals and power. It also serves as a reference point in a circuit to measure
voltages across various points. Efficient grounding is quintessential for a safe operation of a circuit board. A robust ground

system provides a solid foundation for a good power delivery network topology. In addition to this, it aids in thermal

Asingle or multi-board electronic system needs a single common point for all grounds to come together. This can be a

dedicated ground layer in your PCB or a chassis. Fros

« Have separate grounds for input AC, unregulated, and regulated DC sections in power systems for good electrical
Void opening
to eliminate
loop antenna

isolation

Split planes must accommodate multiple power or ground nets carefully as they could inadvertently ruin or block a

clear signal return path.

Route the nets such that they do not intersect to avoid interference.

Use stitching capacitors when the signal changes its ground reference.

Use ground fill (copper pour) to achieve uniformity in the ground planes. These are then connected using vias.

Employ a common ground plane strategy where the free space on a PCB is covered using copper pours.

Sierra Circuits (April 2023)

PRA  Bestin.Class PCB Fabricaion, Assembly, & Components
CIRCUITS  industry Leading PCB Designers Tooks.

Best PCB Grounding
Techniques for High-Power and
HDI Designs

Worst DGND AGND &

Component 1 Component 2
———————— Power supply return

Botter AGND DGND

Best AGND DGND

AGND= Analog ground  DGND:= Digital ground
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Cadence Website (current)

Optimal EMI Filter PCB Layout
Guidelines

2 CADENCE PCB SOLUTIONS

=5

Stackup EMI Filter PCB Layout Guidelines for EMC and Manufacturability

. Base the number of layers on pin density, the number of different types of signals,

and provide good spacing between same type layers. For example, if possible, low
and high frequency signal planes should be separate.

e

(o]

Do not place two signal layers adjacent to each other.

. For vias, use correct aspect ratios and use the least complex to manufacture that

meets your design requirements.

EN

. Apply good grounding techniques—for example, use separate planes for digital and

analog signal types with a central point for board ground.

o

o

~

techniques.

. Ensure there is adequate minimal spacing between signal and ground planes.
. Choose layer material thicknesses to meet impedance requirements.

Radiation creates heat. Therefore, incorporate adequate thermal dissipation

19
Pcs DEsiGN
13 PCB Layout Best Practices & Design Guidelines Every
Engineer Needs to Know
. . : . . —_— Technique #10: Bypass Capacitor Placement
Technique #11: Working With Mixed Signal Circuits q yP P
. " The purpose of using Bypass capacitors is to have a filtering process for AC components and DC components.
Additionally, they help in reducing noise, garbage signals, ripples and other such unwanted AC signals.
Similarly, while working with power circuits, it is better to keep the digital and analog grounds separate. The This is achieved by passing the AC fluctuations to the ground, and hence they are named bypass capacitors. As a
reason it is important to do so, is that voltage and current spikes from digital circuits might generate noise in general practice, you should connect the ground and wherever you wish to filter the voltage.
analog circuits, which will have an impact on their performance.
As a suggestion, you can such a capacitor at the board’s power inlet. Tt
If the situation requires you to place them together, it is recommended that you do s in the area of the supply ther application for these By
path end, preferably in a point near the ground connection of the PCB. You might have other solutions to this; ) of the noise tF
however, you can stick with this as a tried and tested method o
20

10
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| FS Tech (April 2023)

S TECH  HOME SERVICES - CAPABILITIES « APPLICATION = ABOUT = REVIEWS = 510G =

PCB Layout Design Tutorial Guide for
Your Next Electronics Project

ing electronic components. Designers
design to enhance the operational

that are vital for @
project

Grounding Guidelines

« Use a solid ground plane: A solid ground plane provides a low-impedance return path for
current, reduces noise, and improves the reliability of the circuit. Ideally, the ground plane
should cover the entire PCB to ensure the current return path is always the shortest distance
possible.

« Keep high-speed signal return currents separate from other ground currents: High-speed
signals can create significant current loops that can interfere with other ground currents. To
minimize this interference, it's important to keep high-speed signal return currents separate
from other ground currents. This can be achieved by using a separate ground plane or by
routing the high-speed signals and their return currents together.

« Minimize ground loop area: Ground loops can create unwanted noise in the circuit. To
minimize the ground loop area, keep the ground path as short and direct as possible. Try to

———> avoid routing ground traces in loops or using multiple ground points.
——> ¢ Separate analog and digital ground: Analog and digital circuits should be kept separate to

prevent interference. It's important to keep the analog and digital ground planes separate and
to connect them at a single point to avoid ground loops. Separating analog and digital ground
can help reduce crosstalk, noise, and interference.

. iderg ing for power supplies: Power supplies should be properly grounded to
minimize noise and interference. Use a separate ground connection for each power supply and
connect them to the main ground at a single point. It's important to avoid sharing a ground
connection between different power supplies as it can create ground loops and introduce
noise into the circuit. Proper grounding can improve the performance and reliability of the
circuit.

21

TECHNOLOGIES > ANALOG

April 6,2023

discussing component placement, board layering, and ground-plane considerations.

GND Plane

Signal Current

-
Return Current

Same article appears as an Analog Devices App Note
dated September 2022

This article presents a practical approach to the layout design of mixed-signal boards,

Article in Electronic Design Magazine (April 2023)

Basic Guidelines for Mixed-Signal PCB Layout Design

DGND Plane

Signal Current

Analog Signal
Plane

i

1
e,

!

1

i

I

Return Current 'l

Star Ground

« It’s useful to provide pads and vias so that the analog and digital ground planes can be connected,

if necessary.

22

11



EMCFest 2023

2023

Infineon (April 2023)

10.3 Ground and power supply

In general, the corresponding VDD and VS lines should not be routed in chains, but in star shape.
Figure 20 shows an example of a bad and a good power line routing.

VDD on back layer

VDD on mounting layer
— VS5 on mouting layer
° Va

«BAD
GOOD »

Figure 20 Generic example of bad vs. good power line routing

Hardware design guide for the PSoC™ 4 HV PA family

Make sure that only one common star point connects analog and digital ground planes to each other. To
have less noise on the analog part, the star point should be placed as far as possible from the MCU and as
close as possible to the voltage regulator capacitor to the Electronic Control Unit (ECU) connector.

Make sure that the digital and analog planes do not overlap and interfere. Furthermore, there should be no
signal plane between these planes.

Shield the analog input signals by the analog ground as much as possible.

Avoid ground loops.

—— E N ST S S B
P SO S S S S

Figure 21

Example of a bad PCB layer stack

e——

—— ¥ ¥ ¥ O} f oy

Dighal Power Supply

Figure 22

Example of a good PCB layer stack

23

Circuit Board

Decoupling

12
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Where To Place Decoupling Capacitors?

Unlike finding the best spot for a modern vase, placing decoupling capacitors is easier.

The golden rule of decoupling capacitor placement is to minimize the distance between the
component’s voltage pin and the capacitor. This means you'll need to place the decoupling
capacitor as close as possible to the IC's pin. If you're designing a multilayer PCB, place the
capacitor beneath the component’s pad. On a single-layer design, the capacitor is placed

near to the pin and routed with a short trace.

Place decoupling capacitors close to voltage pins.

As mentioned, you'll need a 10uF and a 100 nF capacitor to stabilize against low and high-

frequency fluctuations. The 100 nF capacitor should be placed closest to the voltage pin
followed by the 10 UF capacitor. Repeat the process for as many VDD pin on the IC. There are
some cases where the lack of space prevents the 1 decoupling capacitor per pin principle. In
such instances, you'll still need a minimum of 1 decoupling capacitor per component.

Cadence PCB Solutions (October 2020)

25
Decoupling Capacitor and Bypass Placement
Guidelines
Understanding the Relationship Between Frequency and
Capacitor Size
Best Placement
When planning your designs it's important to keep in mind the inverse relationship
between the frequency of the ripple (or current variation) and the capacitor size. If you
know what this ripple looks like, you should be able to effectively map out the necessary
Power capacitor size. For more complex ripples, you may need to employ different power
Ground supply bypass capacitors for the different frequencies you're dealing with.
Bypass
Cap
Power
Ground
Typical decoupling capacitor and bypass capacitor placement.
26

13
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What is a bypass capacitor?

e
] power
Ground

Abypass capacitor is used to prevent noise from entering the system by bypassing it to the ground. Itis
connected between the supply voltage (Vcc) and ground (GND) pins to reduce power supply noise and voltage
spikes on the supply lines.

What is the difference between decoupling and bypass capacitor?

Decoupling capacitor stores energy and dissipates it back into the power rail to maintain the smooth flow of
current. The bypass capacitor provides the AC signal return path to switch between the power and ground rail

* 3 L 3
i - L ypass capacitor
= R T
. . -
@ = = o

Considering their purpose and function, both bypass and decoupling capacitors can be used interchangeably.
When powering any device, the primary objective s to provide a very low impedance path with respect to the

input power ground. Some of the few noticeable differences are:

impedance shunt path to the high-frequency n
ted before it flows into the entire circuit, resulting

Qltage variations

For the function of low impedanc

ctrolytic capacitor is sufficient, but for stabilizing

the signal, two different types of capacitors are required.

2023 |
PCB Tips

Brochure

What is a decoupling capacitor? —m—
SIiERRA
CIRCUITS

Ex _——
LI

What is the purpose of a decoupling capacitor?

Decoupling capacitors are used to isolate or decouple two circuits. In other words, they decouple AC signals
from DC signals or vice versa.
« Incase of input voltage drop, it provides adequate power to an IC to maintain the voltage leve!

- Incase of voltage surge, a decoupling capacitor prevents the excess current from flowing through the IC
to keep the voltage stable.

27

ST Microelectronics (2015)

Application Note: AN4694

Figure 27: Example decoupling capacitor placement

ground plane

/V
Bypass Cap

Decoupling Cap e
°

VS Decoupling Cap

To
bulk

..i:‘_

Out W cap
Vboot W

z . o

Vboot V
—

o
. Bootstrap cap

Out U

Vboot U

ecoupling Cap

28
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How do you choose the value of a decoupling capacitor?

The number of capacitors to be used in a circuit depends on the number of power and ground pins and /O 2023
signals present. Choose decoupling capacitors with sufficiently high self-resonant frequencies based on the
signal bandwidth or operating frequency.

PCB Tips

L the self. t The capacitor remains capacitive up to this frequency and starts to
appear as an inductor above this frequency. The impedance of a decoupling capacitor reaches the minimum

mpedance at the frequency w =1/ VLC.™ " - = :
ime . auency VLCT How to choose the size of a decoupling capacitor for digital PDN?
‘capacitor.

Brochure

The size of the decoupling capacitor is evaluated based on the impedance of the power distribution network
(PDN) and the charge required by the switching IC. Evaluating accurate capacitor size and placing it correctly

f= I
= helps to reduce ripples and noise on the PN ==
T LC SiERRA

How to choose the size of a decoupling capacitor based on PDN impedance? CIRCUITS
Lower capacitance and lower inductance Al-T. Decoupling capacitors provide the required charge in a imely manner and reduce the output impedance of
achieved by selecting a smaller surface-r (¢ = —__TtS€ the overall PDN. Practically, a it is only effective over a particular frequency range. lts impedance decreases
e [GWRF arasife i ETice 2Vic linearly with the decrease in frequency and increases with the increase in frequency. Tis increase in the

impedance of a practical decoupling capacitor is due to the ts parasitic inductance.

The low-frequency noise decoupling caf

Calculating decoupling capacitor size based on the current dr  Also read, How to reduce parasitic capacitance in PCB layout,

noise should lie between 0.01 uF to 01 pF
; L Where: Tyee is the rise time, Vics the IC voltage, and Al isthe ¢ One of the best ways to determine decoupling capacitor size is based on the target PDN impedance.

+ Low equivalent series resistance (
needs to provide current quickly, ch  Note: The above formula is valid if the signal bandwidth is less
+ Smaller package size: Compact ca decoupling capacitor. Signal bandwidth is given by: (0356ign:

Vrippie (C)

the inductance. Howto ch the size of a d " rort
low to choose the size of a decoupling capacitor
2nfVicZppn (C, f)

When providing stable power for an analog IC, the decoupling
provide stable power as an analog IC operates.
Its size is based on the required voltage ripple, target PDN impedance, and target PDN voltage.
The size of the decoupling capacitor for an analog IC is give
Pling caps 9 1C18 9V \Where: fis the frequency, Vic s the IC voltage, Viiopie is the voltage ripple, and Zopw s the target PON
impedance.

= Target PDN impedance and the PDN ripple voltage are functions of the capacitance, making it a very complex
2nfV, problem to solve. Calculating ‘C' requires several iterations. The above equation is more accurate because it can
c incorporate the effect of the resonance frequency of the decoupling capacitor and resonances that arise due to

c

parasitics in the PCB layout.

The current drawn by the IC would be an increasing function ¢
While calculating

ow for different values of C and f, we arrive at the best values of C to get the lowest Zow for

Where: fis the frequency, Vic s the IC voltage, and | is the curr 2!l the frequency ranges.

Note: The exact value of the decoupling capacitors to be used is always provided with the ICs datasheet.

29

| Sierra Circuits (December 2022)

Decoupling Capacitor

Microcontroller

Vdd pad

Viato VDD

GND pad Viato GND

2023

15
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Sintecs (January 2023)

7. Place decoupling capacitors to reduce noise: a simple rule for capacitor

placement is to use the 20th wavelength of the transistor switching

speed. The capacitor should be as close as possible to the IC for a short

travel time.

8. Use signal termination strategies to reduce EMI problems: If the distance

between the driver and the receiver is more than a quarter of the

wavelength, it will cause ringing. To mitigate this, place a series resistor

within the lump distance.
9. Don't rely only on simulation tools: one of the challenges with EMC

simulation tools is that they may not always be 100% precise. Sometimes

a simulation may indicate that your design is perfect, but in reality, the

system may still fail.

Renesas (August 2022)

VersaClock7 PCB Layout Guidelines

@ = Always Poor ot
o - . ® Adequate Good
— - o

.
j |
l.:' ‘j. Better == 0 .
Design B T 5
- m N X N
| ; IV o v
= i el

) Trace as Short and Wide
® as Practical

Figure 17. Decoupling Capacitor Pad Design

Best
e & o
. . L]
|
. )-g..

16
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| Infineon (April 2023)
Hardware design guide for the PSoC™ 4 HV PA family

DeCap out of current flow
(bad placement)

DeCap within current flow
(good placement)

©

©

© cnova

vsso ©

VREFL
VSSA VREFH

© o

The GND between VSSA teminal
and C3 shouldbe connected by
the surface layer

cs
© -
© | e
VDDD VECD
vssD
vssL
LN
r
uN
From
battery R1 c2 ﬁ
c1 —J
© IE
©
Figure 2 PSoC™4 HV PA power supply block layout

Power supply decoupling capacitor placement

Recommended power supply decoupling on boards

Symbol

Overview

Parameter

Value 1

Value 2

i apacitor for high
voltage domain

224F XTR

>50V.

Remark

for battery input.

Decoupling capacitor for high voltage domain

0.1uF XTR

>50V.

Decoupling capacitor
for battery input.
Place as close as
possible to the VBAT
pin.

Decoupling capacitor for VDDA domain

0.15uF XTR

>63V

Decoupling capacitor
forinternal analog
power supply. Place
as close as possible
to the VDDA and
VSSA pin.

Decoupling capacitor for VDDD domain

0.1uF XTR

>63V

Decoupling capacitor
forinternal digital
power supply. Place
asclose as possible
tothe VDDD and
VSSD pin.

Decoupling/smoothing capacitor for VDDD
domain

33uFXTR

>63V

Decoupling capacitor
for internal digital
power supply. Place
it next to C4.

33
Electromagnetic Testing Services
DESIGN GUIDELINES
IC DECOUPLING
“;E-C c1
% Eﬁf:ﬂ”.?.'g’“’"‘“"n‘ﬁm ateach
IC deconpling IC-DCBL-N-01
34

17
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Electromagnetic Testing Services

DESIGN GUIDELINES
DC to DC Converter Decoupling Network

vee
T
c1 100nF
col o | cm c2 10 nf
== = == c3 100uF
.~
C1, C2 capacitors ceramics / multlayer
C3 electrolytic reservoir low ESR
o Add to allinputs and outputs of DC-DC converters
DC to DC ceavertsr Decoupling

DC-DC-DCBL-N-01

35

Texas Instruments (April 2023)

{'} Texas MSPMOL1306, MSPMOL1305, MSPMOL1304, MSPMOL 1303
INSTRUMENTS ‘SLASEX08 - OCTOBER 2122 - REVISED APRIL 2023

MSPMOL130x Mixed-Signal Microcontrollers

~ Two IC interfaces; one supports FM+ (1

Mbit's) and both support SMBus, PMBus, and
« Core wakeup from STOP

~ Am® 32-bit Cortex®-M0+ CPU, frequency up to ~ One SPI supports up to 16 Mbit's

32 MHz * Clock system

+ Operating characteristics ~ Interal 4- to 32-MHz oscillator with £1.2%

~ Extended temperature: ~40°C to 125°C accuracy (SYSOSC)

~ Wide supply voltage range: 1.62 V10 3.6 V. ~ Internal 32-kHz low-frequency oscillator with
+ Mamarias £3% accuracy (LFOSC)

1 Features

Tl recommends connecting a combination of a 10-yF and a 0.1-pF low-ESR ceramic decoupling capacitor
across the VDD and VSS pins, as well as placing these capacitors as close as possible to the supply pins that
they decouple (within a few millimeters) to achieve a minimal loop area. The 10-pF bulk decoupling capacitor
is a recommended value for most applications, but this capacitance may be adjusted if needed based upon the
PCB design and application requirements. For example, larger bulk capacitors can be used, but this can affect
the supply rail ramp-up time.

36
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Wurth Elektronik (December 2017)

Application Note: ANPO44c Application Note Y e
pp W=

Impact of the layout, components, and filters on the
EMC of modern DC/DC switching controllers

WURTH ELEKTRONIK

2.5. CIRCUIT DIAGRAM ,BETTER“ DESIGN (DESIGN 2)

Fig. 15: Circuit diagram of a good design (Design 2) with Uin = 9V, Uout = 12 V, lout = 1.25 A, fsw = 650 kHz

Fig. 16: Circuit-board layout of the good design (Design 2)

| — s + - PN <
B | - = ey h
I d e e
e | L 5
i e v s N ) P
—= o) @ - =
P

38
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Electromagnetic Testing Services

DESIGN GUIDELINES
DC POWER FILTER

100F 100sF 10sF 100:F 100sF 10aF

Iaput’ output DS Powes Fitar

Apply this filtering network to allinput and output DC power ports. Aways position at the entry point
tothe PCB/ system

c1 ca - 100 uF
c2 cs - 100nF
c3 10nF
VR1—Varistor

L1CM Choke 0.1-5.0mH - Currentrating 2.5 xDC
Al capacitors ceramics / multilayer

39

GaN Gate Driver - 2019

Y INSTRUMENTS
LMG1210
‘SNOSD12D _NOVEMBER 2018-REVISED JANUARY 2019 www ti.com

Typical Application (continued)

For more extreme cases or where no delay is tolerable, using a common-mode choke provides the best results.
One example application where the ground bounce is particularly challenging is when using a current sense
resistor. In this application, the LMG1210 ground is connected to the GaN source, while the controller ground is
connected to the other side of the current sense resistor as shown in Figure 18.

________ [

G210

Controller

Figure 18. LMG1210 Configured With Current Sense Resistor Using a CMC as Filter

The combination of high dl/dt experienced through the sense resistor inductance will cause severe ground noise
that could cause false triggering or even damage the part. To prevent this, a common-mode choke (CMC) can be
used. Each signal requires its own CMC. Also, to provide additional RC filtering, a 100 Q resistor should be
added to the signal output line before the LMG1210.

40

20
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Linear Technologies (2012)

Application Note: AN139

-- G“““

Figure 5

Vin

T LOOP P Vour

gy T
apVI

with S1 closed and S2 open, the AC

the red loop (Figure 1). During the off

S1 openand S2 closed, the AC current follows

€ blue loop. Both currents have a trapeze shape. People

often have difficulty grasping that the loop producing the

highest EMI is not the red nor the blue loop. Only in the

greenloop flowsafully switched AC current, switched from

zero to Ipgak and back to zero. We refer to the green

loop as a hot loop, since it has the highest AC and EMI
energy.

42
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Analog Applications Journal Industrial

Five steps to a great PCB layout for a
step-down converter

By Chris Glaser
Applications Engineer

Introduction

Figure 1. TPS62130A circuit used to stop-down 12-V 10 33-V

poy plies (SMPSs), the
printed circuit board (PCB)

| Texas Instruments Application Note

App Note: AA] 1Q 2015

For Step-Down Converters

layout is acritcal but often 12 ngut 1 Ll
under apprecated step in Tl o
achieving proper performance | Y s R
and relablity. Errors in t ol T | = 100ka
PCB layout cause a variety of wurI Toawr Ll ey vos 24F

s 4
o age reg SSTR ] L e B mparespaeToTome

= =V e |5 datasheet goes think this is undesirable because that trace must be rather :
b e 9 7 NAmAKS il b outed ebreenth i of sl conper Note that HF current will
these should be avoided at e issues, such as i i i i
3300pF A 5 3 nent, such as the input capacitor. This then looks like

: ; o ASD IS T impoperlsic  Pguet not flow on isolated

- [ 3‘5 > to voltage

L on. Properly Figure 7. Recommended layout of the TPS62360 PGND‘ Path Of IeaSt

best thermal ina WCSP p

spent during the PCB layout
process before the first PCBs are ever ordered, This connect this cit-

AT, done with vias
input capacitor to reduq SRR

s to reach the

Ut are best placed
c thermal pad
Uin s. This is
- .
and output-
"to the systern

sonents is not
suple noise from
counds are best
ere they make a
atmal pad

' inductance takes it back
to main ground plane.

~

/ Single-point current return?!!
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Figure 24. PCB Layout

Be sure that vias to GND and any voltage planes are adjacent to capacitor mounting pads!
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| ROHM Semiconductor (2017)

Application Note: ANO66E

IC
AGNT Top Layer
PGND : : 2nd Layer
[Common GND : : 3rd Layer
I

LTIl SignaleND | [ | ] 4th Layer

e N

Not connect VIA

Figure 9. Power ground connecting method for multilayer board
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| MPS (2023) PCB Design for Low-EMI
DC/DC Converters

Since the GND copper area under the DC/DC circuit has impedance, the high di/dt eddy currents create
potential differences and make the area noisy. This noisy GND area must be separated from the system
GND area, especially from any GND reference for filters and connectors. In a multi-layer PCB, these are
separated by shaping the individual layers and by the impedance of the connecting vias between them.

3-Dimensional PCB (Simplified Equivalent Representation)
Use parasitic elements of the layout to your advantage. A via is a small inductor! "
Cut in GND to separate High di/dt loop:
Clean GND area noisy area "0"“ rest Vi, HS-FET, LS-FET, PGND, C\y

where connector
is placed

GND

’ | -a—
GND SW, IN

" _9_

s

cad ompm Side

2! Gl JGND area under DC/DC is noisy.
¥ /~—Eddy currents in this area
) | Eddy currents at edge of area are
/ relatively strong, and the antenna
larger rren
Inner L1: GND 7//))77///)77///))77////)777/// Y zzzzzt) DS . ooy ANTeRL 0!

I fas an
g —l_ “=7* Quiet Layer: GND and few routings
Inner L2: routing/GND
L J— / Represents parasitic
Bottom: Routing/ capacitance between
GND/EMC Filter layers of PCB
[ o | = | =g

o o
Figure 5: MPQ4430 PCB Top-Side Layout

Figure 2: 3-Dimensional PCB View — Layout is Part of the Circuit
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AN-1119: Printed Circuit Board Layout
Guidelines for Step-Down Regulators,
Optimizing for Low Noise Design with
Dual Channel Switching Controllers

Note: This is a Buck converter operating at 200 kHz to 1.5 MHz.

POND PLANE

oP LAYER
AGND PLANE.

Figure 6. Snubber and Gate Resistance Circuit </center>

Analog Devices Application Note (January 2021)

VIAS TO
GND PLANE FB1 (SECOND LAYER)

seeles v

=)

1 ol |l
\
/ . o M2 BULK OUTPUT
N o
I
vourz
Res Qh 2

Co3Cot )

o1 CAPACITORS
AND SIGNAL - PGND1
o P E 5] vias o
AREROUTED cvin| | | |ADP1850 0Lt onoz| SWL__ PGND_ ©| AGND PLANE
AWAY FROM )
THE POWER
COMPONENTS. J oMz e Co7 Cob 4
/

(SECOND LAYER)

NOTES

L ToP
LAYER
VIAS TO Cb2|
AGND PLANE
oe|viasTo
Con™)  8|Paro
v \SN 80| pLANE
BULK INPUT
CAPACITOR
FB2 (SECOND LAYER)

1. LAYER 1: SIGNAL AND HIGH CURRENT PATHS.

2 LAYER 2 AGNI
3 LAYER 3AND 4

D PLANE.

PGND PLANES. M1 AND M2 ARE SUPERSO8 PACKAGES

M3 AND M4 ARE FOI
INIS THE INPUT BULK CAPACITOR. Cb1 AND Cb2 ARE

BYPASS MULTILAYER CERAMIC CAPACITORS (MLCC).
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Allegro (February 2022)
Allegro A4491 (Triple Buck Converter) oy Power Gty
0 1-5Vfrom4.5-23V
0 1.5Aeach
0 550 kHz
Q Interleaved Turn-On Cycles
Typical Application
Ves [
Vo6 CPT GF2 VCP g1 a—d——a-
e P e
Micconoler o I A4491 v::; ;é‘”‘i“
JPGND Lx: é
Star Connection
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Vicor (January 2022)

Data Sheet: Vicor ZVS Regulators (PI134xx-LGIZ)

Ql IND

Figure 20 — Typical buck regulator

The path between the Coyr and Cyy capacitors is of particular
importance since the AC currents are flowing through both of
them when Q1 is turned on.

Figure 23 — Recommended component placement and
metal routing
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Analog Devices (2022)

Data Sheet: LTC3637-D
Analog Devices 11/2022

L1
Vin Vi sw — Vour
D1
3R3 2 R1
RUN Ve =
<
SR4 | LTC3637 Riser SR
OVLO  IggT L ad'A'A
—— O RS I_CllSET ——Cour
3 |—0
Css
—Fm0  ss —| |—<-
VpRG2
VpRa1 %

|||-0

H
D1

Co

@ VIAS TO GROUND PLANE 3637 F12

Figure 12. Example PCB Layout
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Power

Inverter

ST Microelectronics (June 2015)

Figure 24: Suggested layout for a three-phase power system

Inside the Intelligent Power Module Lp1
+DC
Application Note: AN4694
HVG_|
. ®)
— Y our Bulk
. Inputs U Capacitor | +
Any time you see cu rrents output ;| € - -
signals —_— -
i f Pt Dy I
being routed to a single point; we—1% Coodubng
someone has confused the 1.
concept of ground with the o
Concept of current-return.
Driver Ground
ICs Signal Grounde] Power Ground I.',r.,,‘i e
“6. Connecting the signal ground to the three driver grounds through a star connection
improves the balance and symmetry of the three-phase driving topology.”
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Texas Instruments (October 2021)

Application Note
Best Practices for Board Layout of Motor Drivers

TEXAS INSTRUMENTS

MotorDrve Business Unit
ABsTRACT

1.2 Using a Ground Plane

In a 4-layer board or a larger 2-layer board design, itis recommend to use a ground plane. Having one layer of
the PCB as a continuous ground plane lets each signal have the shortest return path and decreases coupling
and interference. It is recommended to minimize ground plane discontinuity by carefuly routing signal traces,
and place vias away from each other to prevent breaks in the plane. For more information on via placement, see
Section 2.4.

Most DRV devices have a thermal pad that functions as a ground and use the ground copper to sink heat. Figure
1-4 shows good layout examples for common and split ground planes.

G commony
|
|
| wy
| 28,
| S%38<a
! 598588
! TEEVETY
| cnfan s
! saroka e
! ovooge ayoc
| Ak wsic
| e o
| sk =
| ush e
| Nchm wfois
! INLC Jsia W SN
i ronofm =F
i
i
|
i
|
i
|
|

TopLape
[ otom Layr

Figure 1-4. Common Ground Plane vs Split Ground Plane

Good Bypassing

Figure 5-5. Bypass Capacitor Placement
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An Alarming Trend

Design Rules Based on Simulations

Conclusion was that decoupling capacitor location and value matter.
(This is sometimes true, but often false.)

Output is not a 300 MHz sine wave

No stackup information

No decoupling geometry or design information

Where are the ports?

No reference, no model information.
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An Alarming Trend

Design Rules Based on Simulations

Conclusion was that “in terms of immunity to external EMI” a twisted pair is

better than a “regular wire” but not as good as a coaxial cable.
(This is clearly false!)

It wasn't clear what type of coupling was involved

Not clear what the criteria was.

Virtually no information model information is provided.
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