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Abstract: A rationale and recommendations for developing emission limits and immunity test
levels are presented in this recommended practice. These limits and levels are representative of
current practice and user needs. Emission limits are specified by national and international
standards bodies. Emission limits for the most part are regulated and hence controlled, which is
the case in the U.S. and Canada. Such regulatory limits take precedence, even if the limits are
different from those considered in this document. For product immunity, while in some parts of the
world this is regulated, for the U.S. and Canada, it is not regulated except for some types of
safety equipment. In this way, adequate immunity is more a quality aspect of the product because
it does not operate in its intended RF environment, the user would deem it of poor design and
guality. The immunity test levels described in this document are representative of common levels
applied internationally. However, severe environments (in which levels of electromagnetic
disturbance are high) require the consideration of applying higher test levels. This consideration
is described in this recommended practice. Finally, it should be noted that the entire
recommended practice does not contain normative requirements, as such practices remain
optional.
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American National Standard

An American National Standard implies a consensus of those substantially concerned with its scope and
provisions. An American National Standard 1s intended as a guide to aid the manufacturer, the consumer,
and the general public. The existence of an American National Standard does not in any respect preclude
anyone, whether he has approved the standard or not, from manufacturing, marketing, purchasing, or using
products, processes, or procedures not conforming to the standard. American National Standards are
subject to periodic review and users are cautioned to obtain the latest editions.

CAUTION NOTICE: This American National Standard may be revised or withdrawn at any time. The
procedures of the American National Standards Institute require that action be taken to reaffirm, revise, or
withdraw this standard no later than five years from the date of publication. Purchasers of American
National Standards may receive current information on all standards by calling or writing the American
National Standards Institute.

Authorization to photocopy portions of any individual standard for internal or personal use 1s granted by
the Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to
Copyright Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; (978) 750-8400. Permission to
photocopy portions of any individual standard for educational classroom use can also be obtained through
the Copyright Clearance Center.

Errata

Users are encouraged to check the IEEE Errata URL (http://standards.ieee.org/findstds/errata/index.html),
and the one for ASC C63" at (http://www.c63.org/explanations interpretations request.htm, for errata
periodically.

Interpretations (ASC C63° standards)

Current interpretations are essential to the understanding of all ASC C63" standards. To assist in the
meanings of requirements, informative interpretations are available at the following URL:
(http://www.c63.org/standards development.htm). Users are cautioned that, although interpretations do not
and cannot change the requirements of a standard, they serve to clarity the meanings of requirements. All
interpretations are informative rather than normative, until such time as the standard 1s revised (consistent
with ASC C63" ANSI-accredited operating procedures) to incorporate the interpretation as a normative
requirement.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards
Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute™) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI™), which
brings together volunteers representing varied viewpoints and interests to achieve the final product.
Volunteers are not necessarily members of the Institute and participate without compensation from [EEE.
While [EEE administers the process and establishes rules to promote fairness in the consensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness

of material. In addition, [EEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard 1s wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard 1s approved
and 1ssued 1s subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE 1s not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.
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Official statements

A statement, written or oral, that i1s not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on [EEE standards shall
make 1t clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and
Standards Coordinating Committees are not able to provide an instant response to comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE
standard i1s welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. I[EEE does not, by the publication of its standards, intend to urge action that 1s not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption by
public authorities and private users, IEEE does not waive any rights in copyright to the documents.

Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA:; +1 978 750 8400. Permission
to photocopy portions of any individual standard for educational classroom use can also be obtained
through the Copyright Clearance Center.
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Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard 1s subjected to review at least every ten years. When a document 1s more than ten
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to
determine that they have the latest edition of any IEEE standard.

In order to determine whether a given document 1s the current edition and whether it has been amended
through the 1ssuance of amendments, cormrigenda, or errata, wvisit the IEEE-SA Website at
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE-SA Website at
http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Patents

Attention 1s called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position 1s taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.ieec.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter 1s willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction i1s not part of ANSI C63.12-2015, American National Standard Recommended Practice for
Electromagnetic Compatibility Limits and Test Levels.

The problem of electromagnetic compatibility has existed from the early days of radio when spark gaps were
used for transmitting and receivers picked up many signals unintentionally. Radio transmission has evolved
from those early days into a highly sophisticated science. However, the need for compatibility is even greater
today than it was in earlier times since modern society has come to depend on radio waves in all facets of life,
from garage door openers and licensed broadcasting to sophisticated airplane and missile guidance systems.
The proliferation of unintentional radiators, such as personal computers and video games, has increased the
need for electromagnetic compatibility. However, severe environments (high levels) require the consideration
of applying high test levels, which are described in this recommended practice. Finally, it should be noted that
the entire document does not contain normative requirements as such practices remain optional.

The need for an electromagnetic compatibility document was recognized by the American National
Standards Committee C63, and as a result, the first official issue of ANSI C63.12 was approved
2 December 1983 and published by IEEE in 1984. Changes in national and international standards since
that time prompted Committee C63 to request that Subcommittee | undertake a first revision, which was
published by IEEE in 1988. Further changes in international and military immunity techniques and
requirements, as well as requests by potential users of ANSI C63.12, led to the 2007 reaffirmation revision.

C63" Subcommittee 3 and the main C63" committee believed it was time to fully review the document and
come up with additions and changes to bring the 2007 edition in line with current practices. For this
edition, the following significant changes were made:

a) The addition of a more current list of definitions and references, especially those focusing on
immunity measurements, that 1s most useful in understanding ANSI C63.12. The bibliography was
also changed with the addition of more current documents.

b) “Immunity” was substituted for “susceptibility” where statements such as “product was more
susceptible” was changed to “product had less immunity,” which has the same meaning. The
preferred use of “immunity” matches present international usage in published immunity standards
where “susceptible™ 1s not used at all.

NOTE—The U.S. Department of Defense continues to use the term “susceptibility™ in their EMC standards,
and it is used as the lack of “immunity.”

¢) For more universal applicability, emission limits are identified for Class A and Class B
environments and not residential, commercial, light industrial, or industrial. Corresponding
examples are given such as typically a Class B environment is residential and a Class A
environment 1s industrial or commercial.

d) For emission measurements, more reliance 1s made on the techniques in ANSI C63.4, including
reference to antenna calibration methods contained in ANSI C63.5.

e) Clarification 1s made on stating emission limits and immunity test levels, as it 1s up to the user to
use test levels for product performance. Emission limits are regulated and thus are not voluntary.

f)  Updated ambient radio noise curves from ITU-R have been added. They cover maximum and
minimum of atmospheric noise, galactic noise, and noise in various environments. These include
man-made noise at RF quiet sites and in city areas.

g) Updated the recommended generic immunity test levels.
This recommended practice suggests emission limits based on maintaining existing ambient levels and

protection of licensed radio services. Immunity limits are based on ensuring satisfactory equipment
operation 1n the presence of likely disturbance levels due to man-made and natural noise sources.
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American National Standard
Recommended Practice for
Electromagnetic Compatibility
Limits and Test Levels

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, health,
or environmental protection, or ensure against interference with or from other devices or networks.
Implementers of IEEE Standards documents are responsible for determining and complying with all
appropriate safety, security, environmental, health, and interference protection practices and all
applicable laws and regulations.

This IEEE document is made available for use subject to important notices and legal disclaimers. These
notices and disclaimers appear in all publications containing this document and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.” They
can also be obtained on request from IEEE or viewed at hitp:/standards.ieee.org/IPR/disclaimers. html.

1. Overview

Over the years, electromagnetic compatibility (EMC) measurement and control standards have been
developed for use by industry and testing organizations. Many of these standards apply to particular classes
of products such as radio/TV receivers, intentional transmitters, and incidental radiation products with
internal microprocessors.

1.1 Scope

This recommended practice presents a rationale for developing emission limits and immunity test levels
and recommends that these facets are representative of current practice and user needs. Emission limits
generally are written by national and international standards bodies. Emission limits for the most part are
specified by regulators, which is the case in the U.S. and Canada. Such regulatory limits take precedence,
even 1f the limits are different from those considered in this document. In the U.S. and Canada, product
immunity 1s not regulated except for some safety equipment. In this way, adequate immunity is more a
quality aspect of the product as if it does not operate in its intended RF environment, the user would deem
it of poor quality. It should be noted that the entire document does not impose normative requirements, but
recommends options.

1
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ANS| C63.12-2015
Recommended Practice for Electromagnetic Compatibility Limits and Test Levels

1.2 Purpose

The main purpose of this recommended practice 1s to aid manufacturers who might need to modify the
emissions their products generate (as long as regulatory limits are met) to meet for example intra-system
needs for their products. There might also be a need to have different (higher) immunity test levels than
what 1s typically required 1f the product will be used in severe electromagnetic environments. As the use of
electronics is constantly changing (e.g., the Smart Grid [B10]"), the test methods, immunity test levels, and
emission limits likewise need to be periodically reviewed to assure that EMC is maintained. In fact, these
EMC considerations might have to be tailored for specific designs and go beyond regulatory requirements
to ensure proper product operation at the user location, which is exposed to a myriad of RF environments
and where it is likely that there are other electronic products that might suffer interference from RF
generated by the product. The emissions and immunity measurement technique used can have an impact on
the accuracy, repeatability, and reproducibility of the test results. Emissions from products should be
controlled to protect radio services by not causing interference, and at the same time, products should have
sufficient immunity to be able to operate as intended in the RF environments expected in locations where
the products are intended to be used.

As part of the development of emission limits and immunity test levels, the following topics are discussed
in this recommended practice:

a) The general properties of both man-made and natural environmental electromagnetic noise
(disturbances), as this will impact the product immunity test levels and immunity tests that are
needed so that a product performs within manufacturer’s specifications in the intended use
environments

b) Selection, capabilities, and use of proper emissions measurement instrumentation.

¢)  The test instrumentation used to simulate the RF environment to which products are expected to be
exposed so that the products work properly with minimal customer EMC complaints.

d) A defensible rationale that can be used in selecting a consistent set of limits for emissions and test
levels for immunity,” subject to good engineering practice and cost-effective EMC management,
taking into account any regulatory requirements.

Topic a) through topic d) of this subclause are intended to be applicable to individual products as well as
systems of various sizes and, if properly applied, provide guidance for obtaining both intrasystem and
intersystem electromagnetic compatibility. This recommended practice assists manufacturers in specifying
their own emissions limits (but as a minimum meeting regulatory and user requirements) and test levels as
appropriate for their product to function properly and to not cause any undesired interference.

NOTE—Emission limits and immunity test levels along with the necessary measurement techniques described herein
are proposed for general use to the extent that they are not covered in regulations or in customer requirements.

2. References

The following references are intended to assist the user of this recommended practice and are listed in this
clause because they have direct application to this recommended practice. The information in each of these
references as applied in this document is to be considered as informative. For all ASC C63" documents
referenced in this document, the latest version applies. For non-ASC C63" documents with no date, the
latest version applies. Regional documents should be consulted for variations from the international
standards referenced.

' The numbers in brackets correspond to those of the bibliography in Annex A,

.
" In the past, susceptibility was the generally used terminology and was meant to be the opposite of immunity.
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ANSI C63.2, American National Standard for Electromagnetic Noise and Field Strength Instrumentation,
10 Hz to 40 GHz Specifications.’

ANSI C63.4, American National Standard Methods of Measurement of Radio-Noise Emissions from Low-
Voltage Electrical and Electronic Equipment in the Range of 9 kHz to 40 GHz.

ANSI C63.5, American National Standard for Electromagnetic Compatibility—Radiated Emission
Measurements in Electromagnetic Interference (EMI) Control—Calibration of Antennas (9 kHz to 40 GHz).

ANSI C63.7, American National Standard Guide for Construction of Test Sites for Performing Radiated
Emission Measurements.

ANSI C63.9, American National Standard for RF Immunity of Audio Office Equipment to General Use
Transmitting Devices With Transmitter Power Levels up to 8 Watts.

ANSI C63.14, American National Standard Dictionary of Electromagnetic Compatibility (EMC) including
Electromagnetic Environmental Effects (E3).

ANSI C63.15, American National Standard Recommended Practice for the Immunity Measurement of
Electrical and Electronic Equipment.

ANSI C63.16, American National Standard Guide for Electrostatic Discharge Test Methodologies and
Criteria for Electronic Equipment.

CISPR 11:2010, Industrial, scientific and medical equipment—Radio-frequency disturbance characteristics—
Limits and methods of measurement.”

CISPR 13:2009, Sound and television broadcast receivers and associated equipment—Radio disturbance
characteristics—Limits and methods of measurement.

CISPR 16-1-2:2014, Specification for radio disturbance and immunity measuring apparatus and methods—
Part 1-2: Radio disturbance and immunity measuring apparatus—Ancillary equipment—Conducted
disturbances.

CISPR 22:2008, Information technology equipment—Radio disturbance characteristics—Limits and
methods of measurement.

CISPR 32:2012 (with COR1:2012 and COR2:2012), Electromagnetic compatibility of multimedia equipment—
Emission requirements.

I[EC 60050-161, International Electrotechnical Vocabulary (IEV) Chapter 161—Electromagnetic
compatibility, .’

[EC 61000-4-2 Ed. 2.1 (2014-2), Electromagnetic compatibility (EMC)}—Part 4-2: Testing and measurement
techniques—Electrostatic discharge immunity test.

3 ANSI C63 documents are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NI
O8R54, USA (http://standards.ieee.org/).

4 CISPR documents are available from the International Electrotechnical Commission, 3, rue de Varembe, Case Postale 131, CH-
1211, Genéve 20, Switzerland/Suisse (http://www.iec.ch/). CISPR documents are also available in the United States from the
American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA (http://www.ansi.org/).

. Chapter 161 from International Electrotechnical Vocabulary is available from the IEC Website at

<http://www electropedia.org/iev/iev.nsf/index?openform&part=161>.

b IEC publications are available from the International Electrotechnical Commission, Case Postale 131, 3, rue de Varembé, CH-1211,

Genéve 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States from the American
Mational Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA (http://www.ansi.org/).
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[EC 61000-4-3:2010, Electromagnetic compatibility (EMC)—Part 4-3: Testing and measurement techniques—
Radiated, radio-frequency, electromagnetic field immunity test.

[EC 61000-4-4:2012, Electromagnetic compatibility (EMC)—Part 4-4: Testing and measurement techniques—
Electrical fast transient/burst immunity test.

[EC 61000-4-5:2005 (with COR1:2009), Electromagnetic compatibility (EMC)—Part 4-5: Testing and
measurement techniques—Surge immunity test.

[EC 61000-4-6:2008, Electromagnetic compatibility (EMC)—Part 4-6: Testing and measurement techniques—
Immunity to conducted disturbances, induced by radio-frequency fields.

[EC 61000-4-8:2009, Electromagnetic compatibility (EMC)—Part 4-8: Testing and measurement techniques—
Power frequency magnetic field immunity test.

[EC 61000-4-9:2001, Electromagnetic compatibility (EMC)—Part 4-9: Testing and measurement techniques—
Pulse magnetic field immunity test.

[EC 61000-4-10:2001, Electromagnetic compatibility (EMC)—Part 4-10: Testing and measurement
techniques—Damped oscillatory magnetic field immunity test.

[EC 61000-4-11:2004, Electromagnetic compatibility (EMC)—Part 4-11: Testing and measurement
techniques—Voltage dips, short interruptions and voltage variations immunity tests.

[EC 61000-4-12:2006, Electromagnetic compatibility (EMC)—Part 4-12: Testing and measurement
techniques—Ring wave immunity test.

[EC 61000-4-13:2002+AMDI1:2009, Electromagnetic compatibility (EMC)—Part 4-13: Testing and
measurement techniques—Harmonics and interharmonics including mains signaling at a.c. power port, low
frequency immunity tests.

[EC 61000-4-16:2011, Electromagnetic compatibility (EMC)—Part 4-16: Testing and measurement

techniques—Test for immunity to conducted, common mode disturbances in the frequency range 0 Hz to
150 kHz.

[EC TR 61000-2-5:2011, Electromagnetic compatibility (EMC)—Part 2-5: Environment—Description and
classification of electromagnetic environments.

I[EEE Std;l?’gTM-IQSS (withdrawn), IEEE Recommended Practice for an Electromagnetic Site Survey (10 Hz to
10 GHz)." ®

[EEE Std C62.41™-1991 (Reaff 1995), IEEE Recommended Practice on Surge Voltages in Low-Voltage
AC Power Circuits.

IEEE Std C62.45™-2002, IEEE Recommended Practice on Surge Testing for Equipment Connected to
Low-Voltage (1000 V or Less) AC Power Circuits.

ITU-R Recommendation P.372-11 (09/2013), Radio noise (replacement document for CCIR R322)."

7 IEEE 5td 473-1985 has been withdrawn; however, copies can be obtained from The Institute of Electrical and Electronics Engineers,
445 Hoes Lane, Piscataway, NJ 08854, USA (http:/standards.ieee.org/).

; The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.

? IEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,
USA (http://standards.ieee.org/).

10 [TU-T publications are available from the International Telecommunications Union, Place des Nations, CH-1211, Geneva 20,
Switzerland/Suisse (http://www.itu.ant/).
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MIL-STD-461F, 10 December 2007, Requirements for the Control of Electromagnetic Interference
Characteristics of Subsystems and Equipment, U.S. Department of Defense. "’

U.S. Code of Federal Regulations, Title 47 Part 15 (47 CFR 15), Telecommunication—Radio Frequency
Devices.'”

U.S. Code of Federal Regulations, Title 47 Part 18 (47 CFR 18), Telecommunication—Industrial, Scientific,
and Medical Equipment.

U.S. Code of Federal Regulations, Title 47 Part 68 (47 CFR 68), Telecommunication—Connection of
Terminal Equipment to the Telephone Network.

3. Definitions and acronyms

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. Additional definitions are
included in ANSI C63.14."> The EMC Collection Definitions from the IEEE Standards Dictionary and
EMC Chapter 161 of IEC 60050, the International Electrotechnical Vocabulary (IEV), should be consulted
for terms not defined in this clause or in ANSI C63.14."

ambient level (electromagnetic): The values of radiated and conducted signal and noise existing at a
specified test location and time when the test sample 1s not activated. (/EEE Standards Dictionary)

NOTE—For example, atmospheric noise and signals from man-made and other natural sources all contribute to the
ambient level. "

amplitude probability distribution (APD): The fraction of the total time interval for which the envelope
of a function 1s above a given level as a function of time.

atmospheric noise: Electromagnetic emissions in the radio frequency range having their sources in natural
atmospheric phenomena.

electromagnetic disturbance: Any electromagnetic phenomenon that may degrade the performance of a
device, equipment or system or adversely affect living or inert matter. (IEC 60050-161-01-05)

NOTE—An electromagnetic disturbance may be an electromagnetic noise, an unwanted signal or a change in the
propagation medium itself.

electromagnetic interference (EMI): Degradation of the performance of an equipment, transmission
channel or system caused by an electromagnetic disturbance. (IEC 60050-161-01-06)

NOTE—In English, the terms “electromagnetic disturbance™ and “electromagnetic interference” designate respectively
the cause and the effect, but are often used indiscriminately.

ML publications are available from DLA Document Services, Building 4/D, 700 Robbins Avenue, Philadelphia, PA 19111-5094,
USA (https://assist.dla.mil/).

12 U.S. Code of Federal Regulations are available from the U.S. Government Publishing Office, P.O. Box 979050, 5t. Louis, MO
63197-9000, USA (http://www.ecfr.gov/).

]3 Information on references can be found in Clause 2.

14 The IEEE Standards Dictionary Online 1s available from the [EEE Standards Association at http://ieeexplore.ieee.org/xpls/dictionary jsp.

15 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.
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electromagnetic noise: A time-varying electromagnetic phenomenon apparently not conveying
iInformation and that may be superimposed on or combined with a wanted signal.

emission: A signal radiated or conducted, the presence of which 1s intentional or unintentional, and may be
continuous, momentary or intermittent,

environmental RF emissions: The total electromagnetic disturbance complex in which an equipment sub-
system or system may be immersed, exclusive of its own electromagnetic contribution.

external noise factor: Fa = 10 log f, dB where f, = p,/k t, b

where
P i1s the available noise power from an equivalent lossless antenna
k is the Boltzmann’s constant (1.38 x 10 *J/K)
to is the reference temperature (K) taken as 290 K
b i1s the noise power bandwidth of the receiving system (hertz)

[ITU-R Recommendation P.372-11 (09/2013)]
galactic noise: see natural noise.

intersystem electromagnetic compatibility: The condition that enables a system to function without
perceptible degradation due to electromagnetic sources in another system.

intrasystem electromagnetic compatibility: The condition that enables the various portions of a system to
function without perceptible degradation due to electromagnetic sources in other portions of the same system.

man-made noise (emissions): Electromagnetic noise having its source in man-made devices. (Adapted
from IEV Chapter 702-08-12)

micropulsations (geomagnetic micropulsations): Short duration, low frequency changes in the magnetic
field surrounding the earth.

natural noise: Electromagnetic noise having its source in natural phenomena and not generated by man-
made devices. (IEV Chapter 702-08-11)

noise amplitude distribution (NAD): A distribution showing the pulse amplitude that 1s equaled or
exceeded as a function of pulse repetition rate. (Furutsu et al. [B11])

random noise: Electromagnetic noise, the values of which at given instants are not predictable.

NOTE—The part of the noise that 1s unpredictable except 1n a statistical sense. The term 1s most frequently applied to
the limiting case in which the number of transient disturbances per unit time is large, so that the spectral characteristics
are the same as those of thermal noise. Thermal noise and shot noise are special cases of random noise.

3.2 Acronyms

AE auxiliary or associated equipment
AM amplitude modulation
ANSI American National Standards Institute
APD amplitude probability distribution
CCIR International Radio Consultative Committee (now part of ITU as ITU-R)
CFR Code of Federal Regulations
6
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CISPR Special International Committee on Radio Interference
CW continuous wave

EMC electromagnetic compatibility

EMI electromagnetic interference

EMP electromagnetic pulse

ESD electrostatic discharge

FCC Federal Communications Commission

FFT Fast Fourier Transform

FM frequency modulation

HF high frequency

IC integrated circuit

[EC International Electrotechnical Commission

IEEE [nstitute of Electrical and Electronic Engineers
[EEE-SA [nstitute of Electrical and Electronic Engineers — Standards Association
IRE Institute of Radio Engineers

ISBN International Standard Book Number

ISM Industrial, Medical, Scientific

ITU International Telecommunications Union

ITU-R International Telecommunications Union — Radio
LISN line impedance stabilization network

MIL-STD Military Standard (USA)

NAD noise amplitude distribution

QP quasi-peak

RF radio frequency

RMS or rms root mean square

RTCA Radio Technical Commission for Aeronautics
TCM total common mode

TV television

URSI International Union of Radio Science

4. Description of environmental RF emissions

The minimum level required for satisfactory receiver reception of desired radiated RF signals is determined
in part by the level of environmental RF emissions or undesired signals with which the desired signal must
compete with a needed signal-to-noise ratio. If a wanted and unwanted signal are closely spaced in
frequency and thus fall into the passband of the receiving device, proper signal reception may not be
possible. Several types of RF emissions can influence reception and equipment operation; however, with a
particular system and environment, one emission type will generally dominate at a given time, especially if
the receiving equipment is located physically near a specific source. Unintentional “receivers” (e.g.,
information technology equipment) are also subject to interference.

Sources of RF emissions usually are divided into two general groups, those emitting broadband and those
emitting narrowband noise. The distinction 1s based on comparison of the emission spectrum with the
bandwidth of the measurement instrument used. Broadband noise 1s frequently impulsive and can be
divided further into two groups, natural and man-made. Narrowband noise i1s usually generated by a variety
of restricted radiating devices. These include industrial, scientific, and medical (ISM) equipment, licensed
and unlicensed (e.g., 47 CFR 15) radio transmitters, and digital devices that emit line spectra at harmonics
of the clock frequency. Regulated radiating devices generally emit RF energy over a limited portion of the
spectrum, clustered around discrete frequencies. Licensed and unlicensed radio transmitters radiate a
spectrum near their carrier frequency. The continuing proliferation of low-power portable transmitting
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sources has increased the need for consideration of the immunity of electronic systems that must operate
satisfactorily in close proximity to these sources.

To the extent that RF emissions vary, a time-domain statistical description is necessary. Just how much
detail is needed in the description depends upon the nature of the source, the desired accuracy of predicting
degradation, and the information bandwidth of the systems with which it might interfere. For many man-
made sources, the noise can be characterized as stationary, whereas for natural sources, the noise can occur
with variations having time periods ranging from fractions of a second to a year or more.

5. Measurement of RF emissions (radio noise)

5.1 Introduction

In determining how to perform measurements of RF emission sources, the following parameters should be
kept in mind (see IEEE Std 473-1985):

a)  Simple to measure and analyze

b)  Such that the interference effect of the noise on the various types of electronic devices or systems
likely to be affected can be evaluated

c)  Such that they can be related to groups of emitters

d) Useful in identifying the source of the measured noise

Instrumentation and measurement methods used for determining equipment emission characteristics are
described in detail in ANSI C63.2 and ANSI C63.4, respectively. ANSI C63.5 provides techniques for
emission measurement antenna calibration. These documents should be reviewed before proceeding to make
emissions measurements. In particular, measurement of RF emissions as described in ANSI C63.4 relates to
measurement of emissions from specific devices in a controlled manner at a test facility. This 1s quite different
from measuring ambient noise, as such noise 1s emitted from many sources, rather than one under test. As
might be expected, there 1s much more control and repeatability in measuring a device than the general RF
ambient. To promote repeatability and reproducibility, ANSI C63.4 has specific test setups and procedures
and can be used to find the maximum emissions. For conducted emissions, the maximum 1s found primarily
by varying the modes of operation of the device. For radiated emissions, it is much more complex, where a
receiving antenna is elevated between 1 m and 4 m to find the point of the in-phase addition of the direct and
the indirect reflection as the device is rotated on a turntable. Above 1 GHz, ground plane reflection has little
effect. However, in most cases the radiation pattern of devices become more directional. In addition, the
antennas used in this frequency range may exhibit directional patterns. Therefore, a height scan and aiming of
the receiving antenna are also required to properly measure the maximum emissions of a device under test.

5.2 Selection of parameters

The measurement of radiated RF signals emitted by multiple devices or radio transmitters is addressed in
IEEE Std 473-1985. ANSI C63.4 is focused on emission measurements of individual devices in a
controlled environment. This standard addresses radiated and conducted emission measurements, both of
which are of importance in the limit-setting process.

5.2.1 General

No single parameter can be selected as the best for measuring interference effects on a wide variety of
services, e.g., voice, facsimile, analog data, digital data, and television (TV). There is also a wide range of
required service quality. In the case of interference from atmospheric radio noise, a parameter that is related
to occasional lightning flashes should be chosen if a very high quality of service is desired for AM radio
100% of the time. Otherwise, a measure related to the average or rms level might be more appropriate.
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5.2.2 Radio systems interference

Generally, radio communication receiving systems will have the greatest sensitivity to RF emissions as
these systems contain circuits that are usually much more sensitive than circuits used for local (wired)
communications and control purposes. Furthermore, there have been efforts, particularly in data
transmission, to use various coding techniques to improve the performance of radio circuits in the presence
of fading and interference with varying degrees of success. Interference (or severe fading) tends to occur
over limited periods of time and frequently 1s capable of blocking reception of any signal, however coded.
This has led to the consideration of redundancy in time rather than in frequency or space in order that
occasional bursts of radio noise will not cause uncorrected or unnoticed errors in coded transmissions. The
type of coding affects the choice of noise measurement parameters.

The interference produced by an undesired continuous wave (CW) signal depends on the phase and
amplitude relationship between it and the desired signal. For example, in AM broadcasting, regulations
require stations to maintain a +20 Hz carrier tolerance in order to keep the beat note between stations on the
same frequency inaudible.'® In this case, the interference originally caused by the carrier beats has been so
reduced that the modulation from the interfering stations now predominates. Similarly, to reduce
interference, frequency offsets of 10 kHz or 20 kHz are used for television stations. Impulsive interference
having certain repetition rates can prove especially disruptive to TV reception. The design of the TV
receiver synchronization circuit is critical in minimizing interference.

If performance of a communication system is degraded by a particular form of RF emissions, the system
might be redesigned to reduce the impact of that type of emission. An example 1s the use of limiters in FM
and AM voice systems to effects of reduce local impulsive emission. Thus, development of measuring
methods should be closely allied to interference studies because the utility of the measurements will hinge
largely on their correlation with the interference that needs to be mitigated.

Thus, the critical levels of particular forms of a disturbance can be dependent on the design of the receiving
systems. The recommendations in this recommended practice are based on the more common systems used
In broadcast and point-to-point communications.

5.2.3 Non-radio systems interference

Non-radio systems include control, local data transfer systems, and other electronic equipment. Such
systems operate at higher signal levels than radio systems (other than commercial broadcast transmitters)
and therefore usually may tolerate relatively high levels of disturbance. On the other hand, they may be
located much closer to a particular disturbance source than a receiver antenna so that a single source
(located, for example, at an industrial site) can be quite capable of interfering with control, local data
transfer systems, and other electronic equipment at the same time.

5.3 Measurement instrumentation detectors

5.3.1 General

Measurement instrumentation includes both receivers and spectrum analyzers. Detectors, such as the quasi-
peak, peak, root-mean-square (rms), and average detectors, can be used to measure certain characteristics
of emissions [B4], [B15]. One or more of the detectors can be used to predict the effects of measured
emissions on the performance of a specific electronic system, provided the repetition rate, bandwidths of
both the measuring system and system under test, and other vital information, e.g., the actual signal
characteristics (narrowband or broadband), are known.

' In the most common application, two signals at frequencies f; and f; are mixed, creating two new signals, one at the sum f; + f; of
the two frequencies, and the other at the difference f, — f>. These new frequencies are called heterodynes. Typically only one of the
new frequencies is desired, and the other signal is filtered out from the output of the mixer. Heterodyne frequencies are closely related
to the phenomenon of beats in acoustics.
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NOTE—The Fast Fourier Transform (FFT) methodology uses the same detectors.

5.3.2 Quasi-peak detector

The implementation of the quasi-peak detector, as specified in CISPR 16-1-1 and ANSI C63.2, consists of a
circuit with a different charge, discharge, and meter constant, depending on the measurement frequency range.
This detector weights broadband signals as a function of repetition rate. Lower repetition rate emissions cause
a lower annoyance factor and thus get less emphasis. Higher repetition rate signals cause more annoyance in
broadcast systems and are emphasized more by the quasi-peak detector. As the repetition rate approaches that
of a CW signal (i.e., 100% duty cycle), it reaches the maximum interference potential and therefore no
weighting 1s applied at all, which results in the maximum level at the detector output. The quasi-peak detector
circuit also includes a network that simulates an analog meter movement. This time constant provides a
smoothing function to the signal at the output of the previous detector stages so that a single value can be
measured. The quasi-peak value will always be less than or equal to the peak value of the emission measured.

5.3.3 Peak detector

[nitial EMI measurements (i.e., pre-scans) are usually made using the peak detector. This detection mode 1s
much faster than quasi-peak detection, which 1s required for some final measurements. Because signals
measured in peak detection mode always have amplitude values equal to or greater than quasi-peak or
average detection modes, 1t 1s very efficient to take a sweep and compare the results to a limit line.

The peak-measuring instrument has an envelope or peak detector in its IF section with a time constant that
allows the voltage at the detector output to follow the peak value of the IF signal at all times. In other
words, the detector can follow the fastest possible change in the envelope of the IF signal.

5.3.4 RMS detector

The rms detector 1s used in the measurement of random noise. It has the advantage that its output can be
related to the spectral power density, which, for noise with a flat spectrum envelope, 1s independent of the
measurement bandwidth. For some types of transmission, it can be correlated quite well with the
interference effect. Because the response of an rms measuring instrument 1s proportional to the square root
of the bandwidth for any type of broadband disturbance, the actual bandwidth need not be specified. For
such broadband disturbance, the measurement result may be quoted as that “in 1 kHz bandwidth,” by
dividing the measured value by the square root of the power bandwidth given in kilohertz. However, the
actual value of the bandwidth should be stated when the disturbance level 1s reported.

5.3.5 Average detector

The average detector 1s used for measurements of narrowband signals to overcome problems associated
with either modulation content or the presence of broadband noise. This detector strips the modulation
content from narrowband signals and suppresses the broadband signal content in the spectrum of interest in
order to measure the amplitude of the remaining carriers. Its purpose is to recover the amplitude of any
narrowband signal that might be buried in broadband signals like pulses or a modulation envelope. Average
detection 1s based on empirical evidence that has shown that combined narrowband and broadband signals
can cause more annoying interference than would be indicated by a quasi-peak measurement alone. The
quasi-peak detector responds predominantly to the peaks of a broadband impulsive signal. Therefore, the
pulses can mask a lower amplitude continuous sine wave signal. The characteristics of the average detector,
on the other hand, very effectively suppress broadband impulsive signals and recover the amplitude of the
underlying sine wave or narrowband signal.
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5.4 Statistical measures

Reference books such as Introduction to Statistical Communication Theory [B17], Man-Made Radio Noise
[B21], and Measuring the Radio Frequency Environment [B22] have given definitions and descriptions of
the hierarchy of probability distributions required for the description of a random process. In practice, it is
almost never feasible to obtain this complete description for man-made disturbances. It has been found that
for additive interference (e.g., Gaussian, atmospheric, and man-made), performance can be determined for
most systems from the amplitude probability distributions (APDs) of the disturbances and of the signal
envelopes [B1], [B6]. In addition, the noise amplitude distribution (NAD) has been measured frequently.
Both distributions give detailed information about the disturbance and can be used to evaluate the effects of
a given type of disturbance on a given communication system with varying degrees of accuracy.

However, because some forms of additive interference are correlated in time, higher order distributions are, in
principle, also required for some systems. References [B2], [B5], [B13], [B20], [B23], and [B28] give specific
examples of such studies for digital systems, while references [B19], [B21], [B26], [B27], and [B29] and their
bibliographies address systems in general and give specific examples for both analog and digital systems. For
the optimum design of some communication systems, all of the above statistics might be required.

5.5 Effect of measurement bandwidth

Specific resolution bandwidths are specified in CISPR 16-1-1 and ANSI C63.2 for measurements in
different frequency ranges. In general, EMI receiver or spectrum analyzer IF filters are usually specified by
a bandwidth (e.g., 6 dB or 3 dB bandwidth) and additional information about its frequency response, which
can either be the shape factor of the filter (e.g., ratio 60 dB to 3 dB bandwidth) or a mask that the frequency
response has to fit. CISPR 16-1-1 references the 6 dB bandwidth values of four IF filters to be used in the
frequency range of 9 kHz to 18 GHz as indicated in the following list:

— 200 Hz (for 9 kHz to 150 kHz)
— 9 kHz (for 150 kHz to 30 MHz)
— 120 kHz (for 30 MHz to 1 GHz)
— 1 MHz (for 1 GHz to 18 GHz)

Furthermore, for each of these filters, a mask 1s specified showing the insertion loss versus frequency offset
from the filter’s center frequency. Certain tolerances are allowed that can impact the measurement result of
broadband signals, especially when peak detection 1s used.

6. Limit and test level setting

6.1 General

IEC TR 61000-2-5:2011 provides fundamental concepts related to the EMC environment, classes of
operation, and estimated levels of various types of electromagnetic disturbances in various electromagnetic
environments. Clause 6 further develops the rationale for, and suggests guidelines for, the setting of
permitted levels of electromagnetic emissions from various types of unintentional radiators. It also provides
guidelines for setting immunity test levels. A basis for establishing general interference/emission objectives
is first developed, followed by examples of derivation of test specifications for specific equipment and
allocation of emission requirements among multiple components of a system. Where specific limits have
already been established by regulatory bodies or where appropriate, by agreement between the user and the
manufacturer, those specific limits or test levels supersede limits recommended herein. For use in
environments containing especially sensitive receivers or in severe environments such as experienced in
military applications, special limits or test levels might be required.
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6.2 Emissions (protection of radio reception)

6.2.1 General

Interference with a radio or other equipment under test is a function of the magnitude of electromagnetic
disturbances and characteristics of the RF receiver (system or equipment under test that 1s potentially not
immune). For economic reasons, the energy used in radio transmission 1s normally the minimum required
to achieve useful communications. This energy is a function of the ambient noise level at the location of the
receiver, which must include both natural (atmospheric) and man-made noise. Furthermore, the man-made
noise includes RF emissions from both intentional radiators (e.g., broadcast transmitters) and unintentional
radiators (e.g., clock harmonics, power transmission lines)

Figure 1, Figure 2, and Figure 3 show the typical median outdoor values of natural and man-made noise
(expressed in terms of external noise figure F, in decibels above KTB. In this expression, &k i1s the
Boltzmann constant, 7 is 290° kelvin, and B is the receiver bandwidth in hertz) (see ITU-R
Recommendation P.372-11 (09/2013) and IEEE Std 473-1985).
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Figure 1—F, minimum and maximum versus frequency (10”"' Hz to 10" Hz)

Although broadband noise is accurately described by the power spectral density as shown in Figure 1,
Figure 2, and Figure 3, it is more common to specify limits on radiated noise in terms of electric field
strength (see 6.2.4.1 regarding extrapolation) as measured over a specified bandwidth. The 10 kHz
bandwidth 1s taken as typical of AM broadcast receivers in particular. FM communication systems typically
use 2.5 kHz to 5 kHz bandwidth. Figure 2 also shows expected values of atmospheric noise, which,
although quite variable depending on local atmospheric conditions, typically can exceed local values of
man-made noise at frequencies below about 2 MHz.
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Figure 2 and Figure 3 show noise curves for quiet areas. The presence of even a small number of
automobiles, power lines, or business or residential machines would change the environmental conditions
from those of the quiet area curves. The median of the ambient noise is fairly constant in the range of 5 dB
to 25 dB (pV/m) at higher frequencies as result of man-made noise and increases at frequencies below
about 2 MHz as a result of atmospheric noise [B1], [B3], [B6], [B7], [B12], [B14], [B16], [B24], [B25].
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where 7, is given in degrees kelvin

Figure 2—F, versus frequency {10" Hz to 10° Hz)

Particular values to be used for guidelines to meet noninterference objectives are not amenable to exact
analysis. Data are not available describing the relationship between a given emission limit and the number
of interference cases observed or of the impact of various levels of emission reduction. The general
approach that has been used is that the permitted emission levels at a somewhat arbitrary but specified
distance from a given radiating source should not raise the noise level above the atmospheric noise. This
specified distance is sometimes referred to as the protection distance.

The adoption of two protection distances, one for equipment used in a residential (Class B) environment
and the other for equipment used in an industrial (Class A) environment, has the potential for reducing
costs while still providing adequate radio protection and further meets regulatory requirements throughout
much of the world. Thus, one set of limits applies to equipment used in a Class A environment, where the
ambient noise level tends to be high and the likelihood of sensitive receivers is low. A second, stricter
emissions limit applies to equipment that will be operated in a Class B environment, where noise levels

13
Copyright © 2016 IEEE. All rights reserved.



ANS| C63.12-2015
Recommended Practice for Electromagnetic Compatibility Limits and Test Levels

tend to be lower and where there are generally larger numbers of sensitive receivers. Note that there might
be equipment that meets the Class A limit yet 1s located in a Class B environment. An example of this is the
location of a telephone switching center in a residential area. In this case, where there is property
surrounding the center, there 1s generally significant separation between the switch and sensitive receivers
to provide an adequate protection distance.
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where ¢, 1s given in degrees kelvin

Figure 3—F, versus frequency (10° Hz to 10" Hz)

There are two other distances that are considered in determining the separation between the EUT and the
measuring antenna and the point where limits are referenced. The first 1s called the measurement distance.
This distance could reasonably vary from as little as one meter to as much as several tens of meters away
from the EUT. The main concern 1s that there are inaccuracies when measurements are made too close to
the EUT. The mnaccuracies are caused by measuring in the near-field region of the source, which in general
1s not where or how the emission limits are specified. At distances much in excess of 30 m, the levels of
EUT emissions that will meet the imposed limits will, in many cases, be lower than the ambient noise level
and hence cannot be accurately measured.

The second distance 1s associated with the separation distance from the EUT, where emission limits are
imposed or regulated. This i1s called the limit distance. When the measurement distance 1s at the limit
distance, then there i1s no need to extrapolate emission results. In most cases, the limit distance 1s set at 3 m
or 10 m away from the EUT; hence, either of these distances 1s preferred for particular applications. The
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3 m limit distance 1s most used for Class B measurements and for measurements above 1 GHz. The 10 m
limit distance 1s preferred for Class A measurements. Measurement distances that are less than the limit
distance, e.g., measurements made at 3 m when the limit distance is 10 m, are not preferred but might be
the only way to measure low emission levels. If this must be done, the measurement results have to be
carefully extrapolated to the limit distance. Extrapolation is discussed in 6.2 4.

Emission measurements should be made in accordance with ANSI C63.4. ANSI C63.7, IEEE Std 473-
1985, 47 CFR 15 B, CISPR 13:2009, CISPR 22:2008, and CISPR 32:2012. These documents give
information on recommended emission test site characteristics and measurement procedures.

Equipment manufacturers and users are advised to refer to any appropriate standards that might apply to
their particular types of equipment. ISM RF equipment limits are specified in 47 CFR 18 and CISPR
11:2010. Stricter emission limits might be required for special situations such as onboard aircraft [B8] or
for military applications (MIL-STD-461).

6.2.2 Noise levels as a function of frequency

The remaining paragraphs in this subclause and Figure 1, Figure 2, and Figure 3 are based on ITU-R
Recommendation P.372-11 (09/2013), Radio noise. In Figure 2, the solid line representing the “minimum
noise level expected” is a composite of portions of curves B, C, and D. In Figure 3, the solid line
representing the “minimum noise level expected” 1s a composite of portions of curves B, F, and E.

Figure 1, Figure 2, and Figure 3 and related discussion specify the expected values of “external noise
figure” (F,) in the frequency range 0.1 Hz to 100 GHz for common noise types.

Figure 1 covers the frequency range from 0.1 Hz to 10 kHz. The solid curve is the minimum expected
hourly median values of F,, which is based on measurements (taking into account the entire Earth’s
surface, all seasons and times of day), and the dashed curve gives the maximum expected values. In this
frequency range, there 1s very little seasonal, diurnal, or geographic variation. The larger variability in the
100 Hz to 10 000 Hz range is due to the variability of the Earth-ionosphere waveguide cutoff.

Figure 2 covers the frequency range of 10* Hz to 10° Hz, (10 kHz to 100 MHz) for various categories of
noise. The minimum expected noise 1s shown by the solid curves. For atmospheric noise, the minimum
values of the hourly medians expected are taken to be those values exceeded 99.5% of the hours and the
maximum values are those exceeded 0.5% of the hours. For the atmospheric noise curves, all times of day,
seasons, and the entire Earth’s surface have been taken into account.

Figure 3 covers the frequency range 10° Hz to 10" Hz (100 MHz to 100 GHz). Again, the minimum noise
1s shown by solid curves, while other noise curves are shown by dashed curves.

The majority of the results shown in Figure 1, Figure 2, and Figure 3 are for omnidirectional antennas
(except as noted in the figures). For directional antennas, however, studies have indicated, for example, that
at HF for atmospheric noise from lightning for very narrowbeam antennas, there can be as much as 10 dB
variation (5 dB above to 5 dB below the average F, value shown), depending on the antenna pointing
direction, frequency, and geographical location.

For galactic noise, the average value (over the entire sky) 1s given by the solid curve labelled galactic noise
(Figure 2 and Figure 3). Measurements indicate a +£2 dB variation about this curve, neglecting ionospheric
shielding. The minimum galactic noise (narrowbeam antenna towards galactic pole) is 3 dB below the
galactic noise solid curve shown in Figure 3. The maximum galactic noise for narrowbeam antennas is
shown by a dashed curve in Figure 3.
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6.2.3 Noise from atmospheric gases and the Earth’s surface

Noise from individual sources such as the sun, atmospheric gases, and the Earth’s surface 1s usually identified
in terms of a brightness temperature, ¢,. The antenna temperature, f,, is the convolution of the antenna
pattern and the brightness temperature of the sky and ground. For antennas with patterns that encompass a
single source, the antenna temperature and brightness temperature are the same (e.g., curves C, D, and E of
Figure 3). Figure |, Figure 2, and Figure 3 were converted to E-field strength at 10 kHz bandwidth using
Equation (1) for a half-wave dipole in free space from ITU-R Recommendation P.372-11 (09/2013). The
results are shown in Figure 4, Figure 5, and Figure 6. (Note that the “minimum noise level expected” line was
not converted in Figure 5 and Figure 6 from the respective lines in Figure 2 and Figure 3.)

E, =F, +20log fpy, + 8 —99 dB(pV/m) (1)

where

B =10 log (b)
b is the bandwidth (in hertz)

120

100

]
=

E field (dB pv/m)

B
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0.2 1 10 100 1000 10000
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A: micropulsations not converted nor drawn
B: minimum value expected of atmospheric noise
C: maximum value expected of atmospheric noise

Figure 4—E field versus frequency [0.1 {10'1} Hz to 10 000 (1 04} Hz] for 10 kHz bandwidth
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6.2.4 Radiated emissions

6.2.4.1 General

In the absence of any other standards, the requirements of 6.2.4 will assure that a reasonable level of radio
protection is provided operating in the vicinity of the equipment to which these standards are applied.

It 1s understood that a radiation level expressed (as shown in Figure 7) in mV/m implies electric and
magnetic field levels related by the free space impedance of 377 Q. It is true that the free space impedance
may not hold in the near field, 1.e., at frequencies where the measuring distance 1s less than A/2m, where A 1s
the wavelength in meters. It is acceptable to make measurements at frequencies above 1600 kHz at a
measuring distance of 30 m; frequencies above 4800 kHz at a measuring distance of 10 m and above
16 MHz at a measuring distance of 3 m. Extrapolation of the electric field limit values at a particular
frequency to a different measuring distance requires knowledge of the source of the emissions and the
effects of a conducting ground plane over which these measurements are usually performed. In the simplest
case, the measurement would be made either by a small electric dipole or a small magnetic loop. In a free
field, extrapolation of the limits at a particular frequency to distances less than A/2n requires extrapolation
of the level at that frequency back to the A/2m distance using a 1/d extrapolation and then further
extrapolation from the level at the /2 distance to the final distance using a 1/d” or 1/d° relation (depending
on whether the source is electric or magnetic, respectively). Extrapolation of the limits at a particular
frequency to distances greater than A/2w requires that the level at that frequency first be extrapolated to the
A2 distance using a 1/d’ or 1/d° relation (depending on whether the source is electric or magnetic,
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respectively) and then further extrapolating the limit from the A/2n distance to the final distance using a 1/d
relationship. It follows that limit extrapolation for distances greater than 3 m above 16 MHz, 10 m above
4800 kHz or 30 m above 1600 kHz requires only a simple 1/d extrapolation. Thus, modification of the
guidelines requires knowledge of the type of source producing the emissions and might require
experimental validation, especially to account for ground plane effects.
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E: sky noise due to oxygen and water vapor (very narrow beam antenna);
upper curve 0 elevation angle, lower curve 90 elevation angle

F: black body (cosmic background), 2.7 K

Figure 6—E field versus frequency (10° Hz to 10"" Hz) for 10 kHz bandwidth

The general radiated emissions guideline 1s shown in Figure 7. The levels specified here and on later
figures and tables are for narrowband (modulated sine wave) emissions. For broadband emissions, a
nominal 10 kHz bandwidth is assumed in the frequency range up to 30 MHz and 100 kHz for 30 MHz and
above. However, adjustments in level or the bandwidth might be appropriate, depending on the
characteristics of the potentially susceptible equipment. For frequencies below 800 kHz, the permissible
noise level increases inversely with frequency in approximate conformance to the atmospheric noise curve
of Figure 5. Above 800 kHz, the level 1s constant to 230 MHz where the permitted level increases by 7 dB.
At those higher frequencies, the limit is permitted to rise with respect to the ambient to allow for the gain
effects of increased receiving antenna directivity. With regard to the broad frequency range covered in
Figure 7, it should be noted that for many types of equipment, e.g., appliances, because of their emission
characteristics, 1t 1s customary to apply conducted measurements only below 30 MHz and radiated
measurements only above 30 MHz (see Table 1 through Table 5).
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In general the measuring distance should be no less than the largest dimension of the device being
measured and no less than the largest dimension of the measuring antenna. If at all possible, measurements
should be made at the limit distance to avoid extrapolation.

6.2.4.2 Radiated emissions—Class B limit

To protect radio reception in a Class B environment, the requirements of Figure 7 apply directly at a
measurement distance of 10 m.

6.2.4.3 Radiated emissions—Class A limit

A Class A environment generally has a higher acceptable background noise level due to the presence of
heavy machinery and the fact that sensitive receivers are less likely to be used in the immediate area.

6.2.5 Conducted emissions

From an EMI standpoint, conducted emission phenomena and effects on power cables are different from
those in signal cables. On power cables, disturbances generated by one piece of equipment could be
conducted to other equipment connected to the same power system. The limits for such interference are set
based upon a compromise determined by the sensitivities of the equipment that might be affected and the
possibilities of filtering the disturbances at both the emitter and the cabinet under test cable entrance (or
exit) point.

On the other hand, signal cables are usually connected between equipment with known specifications and
which would be expected to have acceptable immunity. Of more concern is the possibility of common-
mode currents on signal cables that can radiate and thus disturb equipment to which the cables are not
directly connected. Limits on such emissions can be directly related to the radiated limits discussed in
6.2.4.2 and 6.2.4.3.

There can be relationships between common-mode and differential-mode phenomena but, from a practical
point of view, it has not been the usual practice to place differential-mode emission limits on signal cables.
The disturbance voltage (or current) limit i1s specified for a telecom port with the total common mode
(TCM) load impedance of 150 £ as seen by the EUT at the AE port during the measurement. This
standardization 1s necessary in order to obtain reproducible measurement results, independent of the TCM
impedance at the AE and the EUT. Limits are specified in CISPR 22:2008 and CISPR 32:2012. The limits
in CISPR 32:2012 carry over the limits from CISPR 22:2008.

Furthermore, because of the more complicated measuring system required to measure differential-mode
emissions, it 1s conventional to measure only the voltage to reference ground on each conductor of a power
cable. Thus, there is not a one-to-one correspondence between the line-to-ground voltage limit and the
common-mode current limit.
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The use of a line-impedance stabilization network (LISN) to measure the disturbance voltage on ac power
leads (also known as ac mains) is recommended in ANSI C63.4, CISPR 11:2010, CISPR 22:2008, and
CISPR 32:2012. The Class B ac power line conducted emission voltage limits are shown in Table 1.

Table 1—AC power-line conducted emission voltage limits—Class B

Frequency range (MHz) Quasi-peak dB(uV) Average dB(nV)
0.15-0.50 6656 5646
0.50-5.0 56 46
5-30 60 50

NOTE—The limit decreases linearly with the logarithm of the frequency in the range
0.15 MHz to 0.50 MHz. The stricter limit applies at the transition frequencies.

For equipment intended to be operated in a Class A environment, the limits are as shown in Table 2. Those
limits are recommended to provide protection for equipment located 30 m or more from the emitting
equipment. Different limits might be more appropriate for other applications. For example, limits for
conducted emissions above 4 kHz from terminal equipment intended for connection to the public
telecommunications network can be found in 47 CFR 68.

Table 2—AC power-line conducted emission voltage limits—Class A

Frequency range (MHz) Quasi-peak dB(nV) Average dB(uV)
0.15 to 0.50 79 66
(.50 to 30 73 60

A recommended common-mode current emission limit is shown in Figure 8. It is derived from the radiated
emission limits specified in Figure 7. The model used to convert from radiated emission to conducted
emission was a | m vertical monopole, representing a vertical section of cable connecting to an equipment
unit [B18]. This model is most representative of common-mode vertically polarized emission sources,
which are the most common. Similar levels would be measured for horizontally polarized sources above a
ground plane. This 1s based on a 10 m protection distance (see Table 3).
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Figure 8—Common-mode conducted emission current limits
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Table 3—Common-mode conducted emission current limits

Common-mode current
dB(uA) (quasi-peak)
66—40 log f (kHz)
48-20 log f (MHz)

Emission frequency

10 kHz to 800 kHz
800 kHz to 30 MHz

One method of performing this test uses a current probe to measure the common-mode currents in shielded
and unshielded cables. Note that in ANSI C63.4, this statement 1s made: **Basic specifications for current
probes have been omitted, [sic] because LISN and voltage probe measurements remain preferred.”

In CISPR 16-1-2, 2004, subclause 5.1, the use and applicable frequency of current probes are specified. For
example, the frequency range for which such probes are used 1s specified in Table 5.1.2. Annex B has
typical construction techniques for current probes. It states the following:

“Frequency Range — Transfer impedance is calibrated over a specified frequency range; the range of
individual probes 1s typically 100 kHz to 100 MHz, 100 MHz to 300 MHz, or 200 MHz to 1000 MHz.”

That leaves the range of 10 kHz to 100 kHz not covered by typical current probes unless specifically
designed and calibrated to go down to 10 kHz.

6.2.6 Generic emission limit requirements

Generic emission requirements have been developed to provide specific requirements for applications where
no other regulation or specific product standard applies. The requirements are specified in Table 4 and Table 5
for Class B and Class A 1nstallations, respectively, taking into consideration the distinction in the two classes

of environments discussed in 6.2.1. (See CISPR 11:2010, CISPR 13:2009, and CISPR 22:2008 for specific
product requirements.) Note that these limits are somewhat different from those discussed in 6.2.4 and 6.2.5.

A manufacturer needs to determine in which RF environment (Table 4 and Table 5) the product is likely to
be used and/or marketed, and, in fact, in which country the manufacturer wishes to meet emission
regulations. In the European Union, in confrast to practice in the United States, the limits in Table 4 are
applied not only for the Class B environment, but also the Class A environments, or wherever the product
1s powered from the public mains supply. Correspondingly, the limits in Table 5 apply only for (heavy)
industry where the product 1s powered from a non-public (industrial) supply.

Table 4—Generic emission requirements—Class B

Frequency (MHz) Limits Test method
o 30-230 30 dB (uV/m) at 10 m QP
Radliated 230-1000 37 dB (uV/m) at 10 m QP ANBLC03.4
Average Quasi-Peak
URT _ 0.15-0.5 56 to 46 dB (uV) | 66 to 56 dB (pV)
Power-line conducted 0.5-5 46 dB (uV) 56 dB (V) ANSIC63.4
5-30 50dB (pV) 60 dB (uV)
Table 5—Generic emission requirements—Class A
Frequency (MHz) Limits Test method
L 30-230 40 dB (pV/m) at 10 m QP
AT 230-1000 47 dB (uV/m) at 10 m QP e
Average (uasi-Peak
T _ 0.15-0.5 66 dB (uV) 79 dB (uV)
Power-line conducted 0.5-5 60 dB (11V) 73 dB (1V) ANSIC63.4
5-30 60 dB (uV) 73 dB (uV)
22
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6.2.7 Radiated and conducted emissions, special conditions

Under certain circumstances, different ambient levels might exist and different protection distances or
levels might be appropriate. In such cases, for example, the relaxation of the limits for industrial areas
might not be appropriate, and the Class B limit might be considered as an alternate. Still other limits might
be appropriate for equipment that might be used on aircraft with sensitive navigation equipment that
operates in the fuselage in an ambient noise environment well below that shown in Figure 2.

6.2.8 Emission allocation for components of a large system

6.2.8.1 General

When a system 1s comprised of a number of differing subsystems or of multiple subsystems, such that the
entire system appears to be or 1s measured as a single noise source, it is frequently desirable to allocate the
permitted emissions among each of the subsystems. This requires knowing the expected number of each of
the subsystems, the physical location of the subsystems in relation to the whole system, and anticipating
whether the emissions are additive or not. Cabling, physical placement of the subsystems, and cabinet
resonances add to the difficulty of predicting the additive effects of multiple subsystems. The worst-case
scenario would be doubling of the emissions, field strength, or voltage for every doubling of a subsystem
when the subsystems are frequency and phase locked, and where each of the subsystems is to be physically
located such as to directly illuminate the measuring antenna from the same distance. The best-case scenario
would be no increase in the emissions level when the subsystems differ in frequency by an amount larger
than the required measuring bandwidth. Two subsystems running at the same frequency, but not
synchronized, would have emissions added on a power basis. If it is permitted by the legal entities that have
jurisdiction, building wall attenuation can be included in calculating the subsystem allocations.

There are two empirically based methods that can be used in allocating emissions in the absence of any
other prescribed allocation procedure. One is based upon the number of subsystems and physical
configuration of those subsystems, as described previously. A second method 1s based purely upon the
input power to each of the subsystems, using the concept that the allocated emissions from a subsystem
should be proportional to the ratio of that subsystem’s power mput to the total power input of a system
having a similar level of EMC design.

Allocation procedures should be coordinated across all subsystems to ensure that the final results are as
expected. The methods are useful for initial allocation of emissions. A conservative estimate based on
either of the two procedures would add an additional 6 dB for measurement errors (included in the
equations for the first method) and at least an additional 3 dB to account for the inevitable inaccuracies
involved in predicting how emissions will add (due to cabling, resonances, etc.).

6.2.8.2 Allocation method 1

Based upon empirical observations for similar synchronously operated subsystems measured in a common
system, the margin M required for a subsystem at any given frequency is given by Equation (2), where M is
always a positive number, and represents the amount (in decibels) by which the subsystem must be lower in
emissions level than the desired emissions level for the entire system.

M(dB) = (10log;g NS)+E + S+ LE + LM (2)

where

NS 1s the maximum number of synchronously operated subsystems in one row (lineup) that contains
the subsystem under test

E 1s a 6 dB measurement error allowance

S is 0 dB to —8 dB building shielding allowance, depending on building characteristics and whether
building wall attenuation can be considered as part of the final system
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LE 1s 0 dB or =3 dB if, respectively, the subsystem appears or does not appear in a peripheral
position'’
LM 1s 3 dB or 0 dB if, respectively, the subsystem appears or does not appear in more than one
position'”
The margin required for a nonsynchronous subsystem is given by Equation (3):

M (dB) = (5log;g NN )+ E + S + LE + LM (3)

where

NN 1s the maximum number of nonsynchronous subsystems in one lineup that contains the subsystem
under test, and the other parameters are as previously defined.

6.2.8.3 Allocation method 2
For synchronously operated subsystems, the margin required for a subsystem is obtained from Equation (4):
M (dB) = 10log;y PDR (4)

where

PDR 1s the power dissipation ratio, the power dissipated by the subsystem under test divided by the
power dissipation of the entire system

For the nonsynchronous case the margin required for a subsystem is obtained from Equation (5):

M (dB) = 5log;q PDR (5)

with PDR as specified for the synchronous case.

6.3 Immunity

6.3.1 General

Electronic devices must frequently operate in the presence of external RF fields. These fields may be due to
one or more of the following:

a) Nearby fixed radio transmitters such as those in the broadcast service or those providing point-to-
point service

b)  Mobile radio transmitters such as citizens band and mobile radio-telephone units
¢) Non-communication RF radiators such as industrial heating, medical diathermy machines, and

digital computers

Many electrical or electronic devices, when sufficiently close to such emitters, can experience degradation
of performance or malfunction.

17 - . . . . . .

Subsystems located such that they are directly on the perimeter of the system, i.e., directly illuminate the measuring antenna,
contribute directly to the measured emissions. Those subsystems located “internal™ to the system periphery are farther from the
measuring antenna, and also have intervening subsystems to further attenuate signals reaching the measuring antenna.

' Subsystems appearing at multiple positions in the system, whether “interior” or at the periphery, generally do not have emissions
that add linearly.
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In addition to the continuous type of interference mentioned in item a), item b), and item c) of this
subclause, other sources of interference produce transients and include electrostatic discharge (ESD),
electrical fast transient bursts due to switched (on or off) equipment, and surges on power and other lines
due to switching transients and lightning. IEC 61000-4-10:2001, IEC 61000-4-12:2006, IEC 61000-4-
13:2002+AMD1:2009 and IEC 61000-4-16:2011 are the generally accepted test methods for power line
disturbances. IEEE Std C62.41-1991 provides information on power line surge protection.

Setting immunity guidelines strict enough to always avoid interference 1s not economically practicable, so the
chosen set of guidelines must provide protection for most of the units without causing an undue cost penalty
to the many units that may never encounter high RF fields. This parallels the case of RF emission control as
discussed in 6.2.1. As in emission, the immunity coupling mode may occur by direct response to electric or
magnetic fields or by conduction of induced or directly coupled signals on connecting leads and power cords.

6.3.2 General Performance Categories

General performance categories help in judging the response of the product when exposed to a particular
test level. These performance categories are also known as follows:

— Acceptance criteria
—  Failure criteria

—  Performance degradation criteria

It 1s more general for the purposes of this recommended practice to lump these three descriptions into one,
1.e., performance categories, described below.

Four general performance categories are specified for equipment immunity. They are based on the
manufacturer’s performance specifications. The performance criteria generally are as follows:

a) Operation as intended. No degradation of performance or loss of function 1s allowed below a
performance level specified by the manufacturer, when the apparatus 1s used as intended. If the
minimum performance level or the permissible performance loss 1s not specified by the
manufacturer, then either of these may be derived from the product description and documentation
and what the user may reasonably expect from the apparatus 1f used as intended.

b)  Operation as intended after the test. No degradation of performance or loss of function 1s allowed
below a performance level specified by the manufacturer, when the apparatus is used as intended.
However, during the test, degradation of performance is allowed. No change of actual operating
state or stored data is allowed. If the minimum performance level or the permissible performance
loss is not specified by the manufacturer, then either of these may be derived from the product
description and documentation and what the user may reasonably expect from the apparatus if used
as intended.

c) Temporary loss of function 1s allowed, provided the loss of function is self-recoverable or can be
restored by the operation of the controls.

d) Degradation or loss of function that is not recoverable due to damage to equipment (components),
corruption of software, or loss of data. Equipment must not become dangerous to the operator or
the environment at any time.

6.3.3 RF immunity test levels

6.3.3.1 General

ANSI C63.15 1s a recommended practice for immunity measurements and as such gives useful information
that couples with the test levels provided in this section. As indicated in ANSI C63.15, the conducted
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immunity (CI) and radiated immunity (RI) test methods do not universally apply to every product.
Applicable test methods should be selected by a qualified EMC test engineer in consultation with the
customer asking for immunity tests to be performed. The engineer then documents the test planning and the
rationale for using particular immunity tests. The documentation is intended to

a) Identify preferred or optional immunity test methods
b)  Describe specific measurement techniques and test levels
c)  Suggest product performance degradation criteria as applicable to general and specific products

d) Identify test instrumentation specifications

In some circumstances, immunity levels other than those indicated in the following paragraphs might apply
and should take precedence. Examples of such circumstances are regulations, manufacturer’s specification,
and user complaints, Equipment developed for military applications should use MIL-STD-461 for test
procedures and test levels. The U.S. Department of Defense procurement activity will specify which
version of MIL-STD-461 is applicable for a specific product.

6.3.3.2 Radiated immunity test levels

Definitive studies of the percentage of electronic devices in homes or businesses that encounter high radio
frequency fields are limited to non-existent. However, it is known that radio frequency fields at some
locations can be very high, for example, 32 V/m (150 dBpV/m) 60 m away from a 50 kW non-directional
AM broadcast transmitter antenna, 20 m directly in front of an 8 dB gain amateur-radio antenna fed with
1200 W peak effective power, or less than 1 m from a 5 W mobile transmitter. Even higher fields may exist
In extreme cases. However, these extreme locations constitute a very small portion of all the locations
where electronic equipment is used. It is estimated that less than 5% of these locations experience fields
greater than 1 V/m. [B11], [B13], [B16].

As a consequence of the RF environment noted above, it 1s recommended that the minimum immunity for
electronic equipment be 3 V/m (£3 dB) (130 dBpV/m = 3 dB) for the electric field and an equivalent free-
space conversion for the magnetic field (H = E/377 pA/m, for E in pV/m). Immunity testing replicates such
fields usually at the front face of the EUT (or the closest extent of the EUT), calibrated in the absence of
the EUT, for the frequency range shown in Figure 9.

It is suggested that the 3 V/m test level be applied to as much of the spectrum as possible to account for a
continuous mode of immunity response These responses are enhanced due to EUT resonances caused by
variations in lead lengths, lead terminations, and cabinet or device dimensions which heightens the EUT
response. It is further suggested that at least the applied field covers the range of 2 MHz to 1000 MHz.

It has to be noted that some devices will encounter higher fields and must be specially modified including
the application of shielding and filtering to mitigate performance degradation of its operation. Where
equipment 1s only tested to pass a lower field strength level such as 1 V/m, the equipment might not operate
satisfactorily in certain environments known to have higher RF levels. Those devices whose reliable
operation at all locations is essential for any reason should thus be designed for higher immunity levels as
required for their application. These devices normally represent a very small proportion of the total number
of devices, and a decision to meet the higher immunity levels should be made on an individual basis.

Figure 9 shows the range of test levels that are commonly invoked. The 3 V/m level is shown as the level
normally indicated in test specifications. The two dash lines labeled: “High—10 V/m” and “Severe—
Y V/m,” are suggested to protect devices in the more severe RF environments noted 1in this subclause.
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NOTE 1—The Y™ Severe level may be different from the “X” level in IEC 61000-4-3:2010, and may be at any
negotiated level.

NOTE 2—Typically the apphed field 1s modulated 80% AM with a 1 kHz sine wave or 100% with a square wave. The
levels shown are before modulation 1s applied.

Figure 9—Radiated electric field immunity guidelines.

6.3.3.3 Conducted immunity test levels

Conducted RF immunity test levels are specified for commercial applications using IEC 61000-4-6:2008
covering 150 kHz to 230 MHz, typically run only up to 80 MHz. The test levels correspond to equipment
environments and are specified by manufacturers or their customers. The standard applies voltages with test
amplitudes derived from 300 € loop impedances without the use of closed-loop monitoring of the applied
voltage. Conducted current injection testing 1s allowed as an alternative test method in IEC 61000-4-6:2008
and does use current monitoring.

Conducted RF immunity test levels are specified for military applications using MIL-STD-461, covering
9 kHz to 400 MHz, with test levels corresponding to the equipment environment and criticality of
the application. The DOD specifying authority imposes the appropriate test levels in the procurement
process. The latest revisions of the standard specify injection of currents with test amplitudes derived from
100 Q loop impedances and closed-loop monitoring of the injected current.

Direct correlation between these two techniques 1s not possible, as the commercial method 1s based upon an
applied voltage while the MIL-STD method 1s based upon injected current. The two documents also use
very different loop impedances for the generation of the drive levels during testing.

6.3.3.4 Fast transient and surge immunity test levels

[t 1s desirable to test equipment to determine its ability to withstand high-frequency, short-duration
disturbance (chattering relay) bursts. The signals shown in Figure 10, chosen to be representative of
powerline transients due to local switching and other inductive events, should be applied to all power and
interconnecting leads in a manner that most closely replicates actual exposure conditions. Surges, which
have a waveform similar to that shown in Figure 11 except that the rise and duration times are 1.2 ps and
50 ps, respectively, appear in the common mode due to external sources such as lightning and distant
switching, and differential mode for nearby switching transients. The test i1s conducted in accordance with
IEC 61000-4-4:2012.

27
Copyright © 2016 IEEE. All rights reserved.



ANS| C63.12-2015
Recommended Practice for Electromagnetic Compatibility Limits and Test Levels

Pulse | |

200 us at 5 kHz
< » 1/repetition frequency
10 us at 100 kHz

Burst
A
-
15 ms

at 5 kHz
< » Burst duration
0,75 ms

at 100 kHz

Burst period 300 ms
< 2

IEC 836/12

Reprinted with permission from [EC 61000-4-4:2012 (Figure 2).

Figure 10 —Representation of an electrical fast transient/burst
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Figure 11 —ldeal waveform of a single pulse into a 50 Q load
with nominal parameters t, =5ns and t, = 50 ns

28
Copyright © 2016 IEEE. All nghts reserved.



ANS| C63.12-2015
Recommended Practice for Electromagnetic Compatibility Limits and Test Levels

6.3.3.5 Electrostatic discharge immunity test levels

The increasing speed of integrated circuits and reduced physical separation of printed wire board and
internal integrated circuit (IC) paths has increased the sensitivity of electronic circuits to ESD. The ESD
test is conducted in accordance with IEC 61000-4-2:2008. It should be used to test all parts of electronic
products that might be subjected to ESD by human handling. Where use of a “wrist strap” or other
protective device provides some protection, the requirement may be reduced. ANSI C63.15 and ANSI
C63.16 provide additional information relative to ESD testing.

6.3.4 Generic immunity requirements

Sets of requirements that are considered to be generally applicable in cases where there are no special
environmental conditions to consider are presented in Table 6. In particular, they apply if there are no
specific product requirements and do not conflict with legal requirements. Their adoption by the
manufacturer provides the purchaser of the equipment information on its minimum immunity
characteristics.

These generic immunity requirements are specified for three categories of environments—Class B, Class
A, and severe. Covered are: ESD, voltage dips and fluctuations, fast transients (bursts), and radiated and
conducted RF phenomena.

6.3.5 Immunity—requirements for severe environmental conditions

The possibility of a severe environment, i.e., one substantially above that experienced in industrial areas,
exists in connection with civilian as well as in military activities. High electromagnetic fields created by
radars can impinge on both civilian and military aircraft, and can also occur near radio transmitting
antennas, either on land or on ships. Also, high-level transients can appear in power conductors in large
switching stations.

The levels given in the fifth column of Table 6 are designed to provide general guidance. It must be
recognized that the environmental levels given here may be higher than necessary or may be exceeded in
particular circumstances.

29
Copyright © 2016 IEEE. All rights reserved.



ANSI C63.12-2015

Recommended Praclice for Electromagnetic Compatibility Limits and Test Levels

Table 6—Generic immunity test levels

Frequency of Test levels Test levels Test levels severe Acceptance Test method
fime char, Class B Class A environment criteria’
Radiated H-field" Pulse - - 100 A/m i) [EC 61000-4-Y
Radiated H-Aield" 37 Hz to 63 Hz A 30 Alm — i) [EC 61000-4-8
80 MHz to 6 GHz 30 Vim' - 100 Vi
i/ ot i -
| 80% mod. | kHz 3 Vim 3Vim (commercial) IEC 6100043
Radiated E-field a) RS[03'
2 MHz to 40 GHz' — — 200 Vim'®
| kHz PM 50% DC (government/military)
L 4 kV contact 4 kV contact 6 kV contact
ESD Electrostatic discharge 8kVar 8KV ai 5KV ai b [EC 61000-4-2
Y 1/2 period 30% reduction 30% reduction 30% reduction b} for 1/2 period 1
Vollags dps 0 periods 60% reduction 60% reduction 60% reduction ¢) for 6 periods G011
Voltage nterruption 300 periods »93% reduction »93% reduction »93% reduction ) [EC 61000-4-11
: i mnak ] | , [EC 61000-4-5
Surge common mode 1.2/50 (8/20) 10/700° s £2 k +7 kY 6 kV h) IFEE C6 45
. - . : | [EEE C62.45"
Surge differential mode' .2/50 (8120) ps | kV £ kV 4 kV b IEC 610005
o 5/30 ns :
Fast fransients power-port 5 ki ep | kV £ kV +4 kV bl [EC 61000-4-4
. . 5/50 ns .
, i i q 0 A
Fast transients signal port 5 % g +(.5kV +(.5kV ] kV b) IEC 61000-4-4
10V (rms)*
RF common mode, 1 150 kHz to 230 MHZ' e ‘1 [EC 61000-4-6
(H, 80% AM 0Kz 20ME | 0 ] Ly e y 1’
(government/military)
§24 MHz fo 849 MHz :
Recreated GSM 1850 MHz 10 1915 Mz 30 Vim i) ANSI C63.9-2008
"See 6.1,

: Applicable only to equipment with magnetically sensitive components or circuifry.

* For cathode ray tube devices the requirement is | A/m.

‘X optional between 80 MHz and 230 MHz. See IEC 61000-4-6:2008.

* Before modulation is applied.

"See MIL-STD-461F.

* Covers only frequencies between 80 MHz and 1000 MHz For tests outside this range the test report should contain evidence of the validation of the characteristics of the

facility,

?' Voltage shifts at zero crossing.
T Applicable to input ports only; changes in luminance allowed.
! Applicable to both power and signal ports
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Table 6—Generic immunity test levels (continued)

k Applicable to equipment connected to the telecommunications network.

'No requiremnent for signal ports.

" For signal lines the value given is reduced by 1/2 and for lines not involved in process control only applies to ports having connected cables with a total length according to the
manufacturer’s functional specification that may exceed 10 m,

" Testing recommended to IEEE Std C62.45-2002 for protective devices and IEC 61000-4-5:2005 for finished equipment.

" For signal ports, applicable only to ports for which the length of the connected cable according to the manufacturer's specification may exceed 3 m.

" For signal ports not involved in process control the value given is reduced by 1/2 and only applies to ports having connected cables with a total length according to the
manufacturer’s functional specification that may exceed 3 m.

* Except for the [TU broadcast frequency band: 47 MHz to 68 MHz where the level is 3 V.

" Also must comply with [EC 61000-4-3:2010 at 10 V/m.

" Optional between 2 MHz to 30 MHz and 18 GHz to 40 GHz.

" Product standards may impose a cable length restriction
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