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Power-supply noise, Part 1
JANUARY 15, 2018 BY BILL SCHWEBER — LEAVE A COMMENT

“Noise”—perhaps nothing worries design engineers as much as the implications of this single

�ve-letter word. There are good reasons for this worry. Noise is often unpredictable; may come

from internal and somewhat controllable sources, or external impossible-to-control sources; it

can a�ect performance accuracy and consistency; it can cause products to not meet their

target design objectives; and it random-like failures in prototype stages as well as in the �eld.

Given the wide-ranging sources and manifestations of noise, there are thousands of articles,

application notes, and design tips which explain noise and how to approach it. (Warning: often

this multitude of advice is contrary, but that is usually due to di�erences in the applications

reality and author experience.) In this FAQ, we’ll focus on noise beginning with the system’s

AC/DC supply, although many of the points apply to DC/DC supplies (also called converters

or regulators) as well.

Q: Why look at power-supply noise? Isn’t it more important to look at noise at the circuitry,

especially low-level analog ones?

A: A power supply’s output rails are the foundation on which the circuit and system are built. If

there is noise on these rails, the system’s ability to function as designed is compromised. Many

times, problems due to power-supply noise are intermittent and inconsistent, making them

very hard to con�rm. Plus, every system has a power supply (except, perhaps, an extremely
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simple one such as a battery driving an LED via a current-limiting resistor), and therefore the

supply is a potential noise source in nearly every design

Q: The term “EMI” (electromagnetic interference) is used quite a bit. What are the

mechanisms for generating this EMI?

A: There are four dominant mechanisms:

Conductive coupling is a physical-coupling path that is formed by a direct contact. In addition

to a cable or wire, such coupling can also occur with any trace on a printed circuit board (PCB)

or even a metal enclosure.

Radiative coupling occurs through the air or vacuum. As every trace on a PCB is a potential

antenna, it is also a potential coupling path.

Capacitive coupling is related to an electric �eld, and occurs when a varying electrical �eld

exists between two adjacent conductors. For instance, when there are two plates with a

potential di�erence separated by any space, it forms a capacitor.

Lastly, there’s inductive coupling, which is related to the magnetic �eld and occurs when there

is a varying magnetic �eld between two parallel conductors; this results in parasitic induced

voltages.

In general, in high-voltage applications, capacitive coupling dominates, while inductive

coupling dominates in high-current situations.

Q: Should I be worried about noise, if my circuit seems to be working �ne?

A: Probably. Even if the supply noise is not a�ecting your system, there are various regulations

and mandates about how much noise your product, including the supply, is allowed to emit.

Since power supplies usually have relatively long leads or PC board traces, the supply’s noise

may be radiating out as these wires act as antennas. These regulatory standards are part of

the category of electromagnetic compatibility (EMC) regulations.

Q: What’s the di�erence between EMI and EMC?

A: Every electronic device emits EMI, or electromagnetic interference, while the e�ect that the

device has on other electronic devices is where EMC comes in.

EMC, or electromagnetic compatibility, covers with how well the product interacts with other

products within its environment.

Q: What standards does my system have to meet?
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Fig 1: This chart provides a high-level overview of the various regimes of EMI/EMC testing; there are

many layers beneath it. (Source: Würth Elektronik GmbH & Co.)

A: This is a simple question with a complicated answer. It is a function of the operating

frequency, power levels, and application. The two most common are regulations cited are

CISPR 22 and FCC 15;

–CISPR 22 tests for conducted noise from 150 kHz to 30 MHz, and for radiated noise from 30

MHz to 6GHz.

–FCC 15 tests for conducted noise from 450 kHz to 30 MHz, and radiated noise from 30 MHz to

40GHz or the �fth harmonic of the highest frequency in the circuit.

Q: That’s all there is to it?

A: Not at all. There are worldwide standards de�ned by the IEC, and European standard

designated as EN.  Each of the standards actually has many categories, sub-categories, and

sub-sub-categories, including di�erentiating equipment designated as Class A and Class B.

Class A is for commercial, industrial, and business environment equipment, while Class B is for

residential environment equipment. The tests for Class A are more stringent because of the

environments in which they operate. Di�erent conductive and radiated test performed at the

same frequency, for both classes, Figure 1.

In general, unless a product team has a skilled in-house EMI/EMC group, it’s may make sense

to not try to �gure out the relevant standards and setups., but instead use a quali�ed

consultant or certi�ed EMC Lab. These labs are also responsible for conducting the required

tests and issues the formal certi�cates of compliance.
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Fig 2: All ferrites are not equivalent, they have formulations optimized to frequency and type of

emission. (Source: Würth Elektronik GmbH & Co.)

Q: In general terms, what are the sources of noise in power supplies?

A: For a linear supply, the self-generated noise is very low, as an inherent consequence of its

architecture. Noise in a linear supply output is usually the result of radiated pickup by these

leads and possible re-radiation.

In contrast, a switching supply (formally called switched-mode power supply, or SMPS) does

generate noise, again as a consequence of it operating principles; some are available which

are especially designed to minimize noise.

Q: What’s the �rst (and easiest) thing to do when you have a noise issue with power-supply

wiring?

A:  Here, the answer is simple: ferrite beads placed around the supply output leads. These

beads (which range in size from about one-half to several centimeters in diameter, used a mix

of magnetic ferrite materials (Figure 2) to attenuate RF signals as they pass along the wire, yet

have no e�ect on the DC current coming from the supply. The ferrites are typically made with

two di�erent types of materials: manganese zinc and nickel zinc. Nickel zinc is used in

situations with either conducted or radiated noise, while manganese zinc is used mostly for

conductive noise.

 

 

› Clock forwarding in Intel FPGAs

› INL/DNL Simulation in Cadence of ADC

and DAC

› Nylon (polyamide) PCB stando�s

reduce ESD problem?

 CURRENT ELECTRO-TECH-ONLINE.COM
DISCUSSIONS

› Stumped by a 2CH RF relay

› why arent I hearing anything out of the

speaker?

› Funny Images Thread!

› 12VDC ATV spreader speed control

› varioprop 12s repair

https://r7knmqt3qn1hbgxc30yrat1a-wpengine.netdna-ssl.com/wp-content/uploads/2018/01/WHTH_FAQ_Power-noise_pt1_Fig2.jpg
http://www.we-online.com/web/media/06_passive_components_-_custom_magnetics/pictures_and_graphics_1/midcom_blog_photos/Image_41~1_res23.png
https://www.edaboard.com/showthread.php?389645-Clock-forwarding-in-Intel-FPGAs&amp;goto=newpost
https://www.edaboard.com/showthread.php?389643-INL-DNL-Simulation-in-Cadence-of-ADC-and-DAC&amp;goto=newpost
https://www.edaboard.com/showthread.php?389642-Nylon-(polyamide)-PCB-standoffs-reduce-ESD-problem&amp;goto=newpost
https://www.electro-tech-online.com/forums/-/index.rss
https://www.electro-tech-online.com/
https://www.electro-tech-online.com/threads/stumped-by-a-2ch-rf-relay.158932/
https://www.electro-tech-online.com/threads/why-arent-i-hearing-anything-out-of-the-speaker.158936/
https://www.electro-tech-online.com/threads/funny-images-thread.130358/
https://www.electro-tech-online.com/threads/12vdc-atv-spreader-speed-control.158940/
https://www.electro-tech-online.com/threads/varioprop-12s-repair.158657/


Power-supply

noise, Part 2

Early warning

for EMC

problems

Power supply

noise rejection

– Technical

Brief

 

 

These ferrites are a low-cost, no-risk solution with no after=e�ects, and often used as a

standard part of the “we’ll use them just in case” approach in the initial designs. They are also

often added afterward as soon as a problem arises since they are easy enough to give a try.

Q: There’s a reference to common mode noise and di�erential noise –what’s that about?

A: These two noise sources and their solution will be discussed in Part 2.
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