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Abstract: U.S. consensus standard methods, instrumentation, and facilities for measurement of
radio-frequency (RF) signals and noise emitted from electrical and electronic devices in the
frequency range of 9 kHz to 40 GHz are specified. This standard does not include generic or
product-specific emission limits. Where possible, the specifications herein are harmonized with
other national and international standards used for similar purposes.

Keywords: ANSI C63.4, conducted emission testing, conducting ground plane, digital equipment,
electric field measurement, line impedance stabilization network, low-voltage electrical
equipment, low-voltage electronic equipment, magnetic field measurement, normalized site
attenuation, radiated emission testing, radio-noise emissions, radio-noise power, site attenuation,
unintentional radiators
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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 is 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CAUTION NOTICE: This American National Standard may be revised or withdrawn at any time.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 is 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 can not change the requirements of a standard, they serve to clarify the meanings of requirements. All
interpretations are informative rather than normative, until such time as the standard is 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 IEEE.
While IEEE 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, IEEE 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 is 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 is approved
and issued is 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 is 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.
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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.

Official statements

A statement, written or oral, that is 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 IEEE standards shall
make it 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 is 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. IEEE does not, by the publication of its standards, intend to urge action that is 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.
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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.

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 is subjected to review at least every ten years. When a document is 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 is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit 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 is 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 is 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.iece.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is 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 is not part of ANSI C63.4-2014, American National Standard for Methods of
Measurement of Radio-Noise Emissions from Low-Voltage Electrical and Electronic Equipment in the
Range of 9 kHz to 40 GHz.

Almost from the beginning of radio broadcasting, the electric utility companies were faced with the
problem of radio noise. In 1924, the National Electric Light Association appointed a committee to study the
subject. The manufacturers of electric power equipment had encountered similar problems, and in 1930, a
subcommittee of the NEMA Codes and Standards Committee was established.” The following year, the EEI
NEMA-RMA Joint Coordination Committee on Radio Reception was organized.

The Joint Coordination Committee issued a number of reports, among which was Methods of Measuring
Radio Noise, 1940. This report included specifications for a radio-noise and field-strength meter for the
frequency band 0.15 MHz to 18 MHz. The report recommended procedures for measuring radio-noise
voltage (conducted noise) from low- and high-voltage apparatus, making noise field-strength measurements
near overhead power lines, determining broadcast field strengths, and collecting data on which to base
tolerable limits for radio noise.

During World War II, the needs of the armed services for instruments and methods for radio-noise
measurement, particularly at frequencies higher than the broadcast band, became pressing, and in 1944,
work on developing suitable specifications was begun by a special subcommittee, called the ASA Sectional
Committee C63, Radio-Electrical Coordination. This special subcommittee developed a wartime
specification that became Army-Navy Specification JAN-I-225 issued in 1945 and later approved as
C63.1-1946, American War Standard-Method of Measuring Radio Interference of Electrical Components
and Completed Assemblies of Electrical Equipment for the Armed Forces from 150 kHz to 20 MHz.

In 1951, ASA Sectional Committee C63, through its Subcommittee No. 1 on Techniques and
Developments, started work on improving and extending measurement methods, taking into account
methods mentioned in the 1940 report and those in current military specifications. In the course of this
work, Subcommittee No. 1 developed the standard C63.4-1963, Radio-Noise Voltage and Radio-Noise
Field Strength, 0.015 to 25 MHz, Low-Voltage Electric Equipment and Non-Electric Equipment. Work
continued within the subcommittee on developing methods of measurement above 25 MHz and the
subsequent inclusion of these measurement methods in future revisions of C63.4-1963.

C63.4-1963 was reaffirmed in 1969, and work within the subcommittee was accelerated to produce a draft
standard that would make use of the experience gained by several years use of the standard, extend its
coverage to embrace a broader frequency range, and incorporate newer measurement techniques that had
been developed within the United States and by the International Special Committee on Radio Interference
(CISPR) as set forth in CISPR 14 and CISPR 16. The revised standard was published in 1981.

Although many improvements had been made in ANSI C63.4 in the several revisions, the reproducibility of
measurements of radiated interference from one test site to another had not been completely satisfactory. In
1982, a concerted effort was organized in Subcommittee No. 1 of the American National Standards
Committee C63 to determine how the technique could be improved. Evidence showed that the variability
was caused, in part, by the following inadequate processes:

— Control of site reference ground plane conductivity, flatness, site enclosures, effects of surrounding
objects, and certain other site construction features

— Accounting for antenna factors, associated cabling, and balun and device under test characteristics

* Acronyms: ASA, American Standards Association; EEI, Edison Electric Institute; JAN, Joint Army-Navy; NEMA, National
Electrical Manufacturers Association; RMA, Radio Manufacturers Association.
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— Consideration of mutual coupling effects between the device under test and the receiving antenna
and their images in the reference ground plane

Accordingly, ANSI C63.4 was further revised in 1988, and the standards ANSI C63.5, ANSI C63.6, and
ANSI C63.7 were prepared to provide additional information.

In late 1988 and in 1989, the importance of including additional details on test procedures to provide proper
evaluation of complex systems, such as information technology equipment and systems, was recognized.
Measurements on such systems can be sensitive to the exact arrangement of equipment units and
interconnecting cables. The 1991 edition of ANSI C63.4 was the result of a major effort on the part of the
members of the Committee and various other participating individuals.

Work on another revision began during 1991 to provide for the testing of intentional as well as
unintentional radiators. The 1992 ANSI C63.4 document included these changes. In 1994, work began on
harmonizing the document with emerging international standards, clarifying several issues with respect to
ac power-line conducted emission measurements and turntable usage, and standardizing terminology. Also
added were provisions for the use of transverse electromagnetic (TEM) wave devices for measuring
emissions, extension of the lowest frequency from 10 kHz down to 9 kHz, and revisions to the clause on
the artificial hand. Minor changes were made to the normalized site attenuation tables to correct rounding
errors. That work culminated in the 2001 issue of ANSI C63.4.

When the 2001 issue of ANSI C63.4 was approved, several subject areas were identified that needed to be
considered for the next edition. Those subjects included clarification of what is mandatory and that figures
are examples while text takes precedence; allowing emission measurement instrumentation, such as a
spectrum analyzer, which does not fully meet either CISPR 16 or ANSI C63.2, to be used, but in case of
dispute allowing only instrumentation meeting either of these two standards to take precedence;
clarification of instrumentation calibration interval requirements; identifying new test setups when power
accessories (power packs) are either the equipment under test (EUT) or not; allowing use of “loop back”
cable connections for large floor-standing equipment to accommodate the arrangement of cables connected
to output ports to be connected to input ports under certain conditions; warning that test facilities not
allowing full antenna height search may not yield sufficient data to predict radiated emissions at a site that
meets normalized site attenuation; clarifying EUT setups and minimum ports that need to be populated
during personal computer (PC) testing; clarifying test frequencies for intentional radiator measurements;
and correcting errors on certain figures, tables, and appendices. The resolution of these subject areas as well
as other clarifications appeared in the 2003 edition of ANSI C63.4.

As was the case for the 2003 edition of this standard, several topics continued to be identified for future
editions of the standard. There were several areas of interest to be considered for the 2009 edition. Based
on the maturity of the work on these areas, significant progress was achieved on the following items:

a)  Adding tables of line impedance stabilization network (LISN) impedances (in addition to the plots
in the 2003 edition) with and without the use of extension cords between the EUT power
connection of the LISN and the end of the extension cord where the EUT connects its power plug

b) Clarifying and expanding the information and criteria to be used for selecting what must appear on
visual displays during emission testing

¢) Updating of the signal levels used in receiver testing in Clause 12
d) Clarifying in Annex B the LISN calibration process

e) Accommodating the concern for the variation in antenna cable loss as a function of significant
temperature variation at the test site

These areas were addressed in the 2009 edition as well as further edits in the text resulting from the process
of review and entering the above changes. A significant addition was precautions that are needed in using
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spectrum analyzers, which appeared in 4.2.2 and Annex H of ANSI C63.4-2009. The informative annexes
for step-by-step testing procedures have been omitted, because those were mostly duplicative of the
normative procedures in the main text. Basic specifications for current probes have been omitted, because
LISN and voltage probe measurements remain preferred. In several clauses, figures were placed at the end
of the respective clause to avoid breaking the flow of the text itself.

Additionally, based on comments received during the initial ballot of the 2009 edition, other areas deserved
due attention, which led to the following changes:

—  Ensured that the standards not under the control of Accredited Standards Committee (ASC) C63®
were dated to facilitate the acceptance of the versions that are referenced, whereas the ASC C63"”
standards were undated because ASC C63" would be voting their acceptance.

— Added information on the effects of materials used to construct EUT support tables and antenna
masts.

— Condensed the information about absorbing clamp calibration and use, as well as the artificial hand,
as these continue to be in limited use.

— Retained the Clause 13 requirements for emission measurements of intentional radiators.

— Introduced site validation specifications above 1 GHz from CISPR 16-1-4:2007, while still
allowing use of absorber material on the ground plane for an open-area test site (OATS) and semi-
anechoic chambers without any further site validation measurements.

—  For measurement methods above 1 GHz, there remained international standards activity as to the
final outcome about how such measurements are to be made; meanwhile, the 2009 edition of ANSI
C63.4 retained the associated provisions of ANSI C63.4-2003 with no change.

In this edition, significant changes have been made based primarily on several requests made for
interpretations on the 2009 edition. The major changes are as follows:

— Addition of what should be on visual displays based on the size of the screen.
— Addition of information on test setup for tablet PCs.

—  Clarification on the proper use of the average detector and the frequency range over which it is to
be used (Clause 4 and Annex H).

— Replacement of Table 1 of the 2009 edition with three tables: Table 1 now shows antennas that
may be used for exploratory and/or relative-comparison evaluation purposes; Table 2 shows
antennas for use in making final compliance measurements on unintentional radiators; and Table 3
shows antennas for use in performing test site validation measurements.

— Addition of test site validation interval for sites used above 1 GHz.

— Modification of the requirements for the “RF absorber material on the ground plane” alternative to
the use of the above 1 GHz Syswr site qualification procedure (5.5).

— Clarification of antenna factors to be used for site validation, including the information in Annex D
with that in ANSI C63.5-2006.

— Addition of a new test site-specific hybrid antenna qualification procedure (Annex N).

— Reinforcement that bundled cables are not to be further manipulated to achieve maximum
emissions.

— Further clarification and simplification of text on radiated emission testing above 1 GHz to
continue the need, as indicated in the 2003 and 2009 editions, for the antenna to be aimed at the
source of emissions and the requirement for full height scan for emission maximization.
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— Addition of measurement instrumentation uncertainty using CISPR 16-4-2 and/or ANSI C63.23.
However, the determination of compliance is based on the results of the compliance measurement,
not taking into account measurement instrumentation uncertainty.

— Removal of Clause 13 on the testing of transmitters as that information is now contained in ANSI
C63.10. Information contained in A.4 on transmitter testing is also removed.

— Addition of text in 1.2 to clarify the scope of the standard.

— Addition of a new informative annex to provide information about the application of this standard
in the United States and Canada (Annex I).

— Addition of a new informative annex with guidance on selecting material for tables used in testing
tabletop products (Annex J).

— Clarification and description of testing provisions for rack-mounted equipment.
— Addition of a definition of hybrid antenna as described in Annex N.

— Addition of laboratory accreditation requirement for calibrating antennas used in compliance
measurements (4.5.1 and 4.7.3).

Other topics remain under consideration for the next edition of the standard to be prepared after this
version. For more information, visit the ASC C63® Website (http://www.c63.0rg).

Dedication

This revision of ANSI C63.4 is dedicated to the memory of Ralph M. Showers, 1918-2013, Ph.D., emeritus
professor of electrical engineering, University of Pennsylvania. Dr. Showers had an esteemed career
dedicated to improving electronic communications by controlling electromagnetic interference. He was
both a national and international leader whose contributions have had tremendous impact on
standardization in the field of interference to radios, televisions, and other electronic devices.

By his long-serving presence in ASC C63%, Dr. Showers showed his outstanding commitment to the
voluntary standards process. He became chairman of ASC C63® in 1968 and for decades led the committee
to its preeminence in electromagnetic compatibility (EMC) standardization. He also contributed his technical
expertise to many of the working groups developing ASC C63" standards, including ANSI C63.4. Dr.
Showers was a founder of the Professional Group on Radio Frequency Interference of the Institute for
Radio Engineers in 1957, and he served as chair of that group’s administrative committee in 1960-61. The
group evolved into the EMC Society of the IEEE.

Internationally, Dr. Showers served as vice president of the U.S. National Committee (USNC) of the
International Electrotechnical Commission (IEC) and as a member of its executive committee. He chaired
the International Special Committee on Radio Interference (CISPR) from 1979 to 1985. He served as
technical advisor for many years for several USNC technical advisory groups, including IEC Technical
Committee (TC) 1, TC 77, Subcommittee 77A, and Subcommittee 77B.

Dr. Showers was a true friend and expert EMC standards colleague. His loss to ASC C63“ cannot be
measured, but it is enormous.
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American National Standard for
Methods of Measurement of Radio-
Noise Emissions from Low-Voltage
Electrical and Electronic Equipment
in the Range of 9 kHz to 40 GHz

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, 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
http://standards.ieee.org/IPR/disclaimers. html.

1. Overview

1.1 Scope

This standard specifies consensus standard methods, instrumentation, and facilities for measurement of
radio-frequency (RF) signals and noise emitted from electrical and electronic devices in the frequency
range of 9 kHz to 40 GHz, as usable, for example, for compliance testing to U.S. (47CFR15) and Canada
(ICES-003) regulatory requirements.’ It does not include generic or product-specific emission limits.
Where possible, the specifications herein are harmonized with other national and international standards
used for similar purposes.

! The Federal Communications Commission (FCC) rules for unintentional radiators require the use of ANSI C63.4 test methods {i.e.,
Code of Federal Regulations, Title 47, Section 15.31(a)(3) [47CFR15.31(a)(3)]}. The use of ANSI C63.4 test methods is explicitly
allowed in Industry Canada ICES-003 Issue 5. See also related discussion in Annex I.
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ANSI C63.4-2014
American National Standard for Methods of Measurement of Radio-Noise Emissions from Low-Voltage Electrical and
Electronic Equipment in the Range of 9 kHz to 40 GHz

Uses of the word shall in this standard indicate a mandatory requirement that must be met to satisfy this
standard. The word should is used to indicate that a requirement is recommended but not mandatory.
Tolerances on dimensions and distances are based on good engineering practice where not specified. The
word may is used to indicate a recommendation that is at the discretion of the user. In addition, notes in this
document are informative and are not part of the requirements. Notes are used in the text for emphasis or to
offer informative suggestions about the technical content of the standard, and these notes provide additional
information to assist the reader with a particular passage but do not include mandatory requirements.
Footnotes in text are included only for information, clarification, and/or as an aid applicable to the use of
the standard, but mandatory requirements are not included in text footnotes. In this standard, unless
otherwise identified by inclusion of the word “normative” in the caption, the text takes precedence over the
figures because the text is complete and the figures are illustrative of a typical application of the text. Notes
to tables and figures are informative; however, footnotes (i.e., superscript notation) to tables and figures are
normative, as are numbered paragraphs between a figure and its caption (i.e., the list paragraphs in Figure 7
through Figure 14).

Measurement methods are included for radiated and line-conducted emissions that can be generated by a
variety of devices, as described in 1.2. Definitions are provided for terms and phrases contained in the text,
in which the words do not represent obvious or common usage. Measurement instrumentation, facilities,
and test sites are specified and characterized, including open-area test sites (OATS) and RF absorber-lined,
metal chambers used for radiated emission measurement. Transverse electromagnetic (TEM) wave devices
used for radiated emission measurement are treated in normative Annex F. The requirements of Annex F,
when such tests are performed, shall take precedence in this standard. In most cases, measurement
instrumentation and calibration requirements are only generally characterized in deference to standards
dedicated to these subjects, which should be used in conjunction with this standard. The requirements for
operation of test samples during measurements are presented for devices in general, as well as for specific
types of devices that are frequently measured. Specific requirements for emission test data recording and
reporting are presented with reference to general requirements contained in documents dedicated to
standard laboratory practices, which should be used in conjunction with this standard. The main text is
augmented by a series of annexes that provide details for certain measurement methods and facilities.
Annex A provides an index of main text clauses to be used when testing particular equipment under test
(EUT) types.

1.2 Purpose and applications

This document is intended to standardize methods, instrumentation, and facilities used to characterize
device emissions with respect to voluntary or regulatory compliance requirements designed to protect
authorized communication services. The specified procedures are intended to be applied primarily in
controlled laboratory environments, but they may be used for emission measurement of in situ devices
where indicated.

This standard may be applied to emission measurement of a variety of electrical and electronic devices,
regardless of size and characteristics. The devices may be single, stand-alone units, or multiple,
interconnected units.

Notwithstanding other possible uses, this standard is intended to be used for making emission
measurements of unintentional radiators (including digital devices and receivers) and for making emission
measurements of the digital device portions contained in or used in intentional radiators. See Annex I for
guidance on the application of this standard for U.S. and Canadian requirements.
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The methods described in this standard may not be adequate or applicable for measurement of emissions
from incidental radiators, avionics, or industrial, scientific, and medical (ISM) equipment.' The companion
document ANSI C63.10 [B3]? specifies methods of measurement for certain devices (other than ISM) that
purposefully radiate RF energy, such as intentional radiators, but the methods of ANSI C63.10 might not be
applicable for licensed transmitters in the United States and other countries.

All limit specifications, relevant to a given emitting device, should be applied in their entirety to the
characterization of the device over the specified frequency range in all propagation modes. Piecewise
application is discouraged and runs the risk of incomplete characterization, which could fail to protect the
authorized radio communications services in the manner intended. Emission limit requirements shall be
obtained from other voluntary and regulatory sources, and certain other procedural documents shall be
applied concurrently where specified herein. Still other procedural documents may be used as alternatives
to this standard where equivalent results can be demonstrated. For regulatory applications invoking the
methods in this standard, results obtained as prescribed herein shall take precedence over results obtained
with alternative methods.

Not all clauses in this standard are applicable to all devices that can be measured with these methods. The
nature of this standard is to specify general methods that may be applied to all devices within its scope and
to supplement these methods with particular requirements for some types of devices. Device-particular
requirements take precedence over general requirements. See Annex A for guidance in applying this
standard to specific types of devices.

A complete voluntary or regulatory requirement should specify the following information in conjunction
with the application of this standard:

a) Limits and frequency ranges for both ac power-line conducted and radiated emission measurements
b) Measurement antenna distances for radiated emission measurements
c) Identification of any uncommon requirements such as the following:

1) Radiated magnetic field strength measurements below 30 MHz (see 8.2.1)

2) Radiated electric field strength measurements below 30 MHz (see 8.2.2)

3)  Use of the absorbing clamp for radiated emission measurements (see Clause 9)

4) Relaxation of the limits for clicks (transients) (see Clause 13)

5) Use of the artificial hand for measurement of portable, hand-held devices (see 6.2.13)

6) Any requirements that differ from the requirements contained herein

7) Any requirement concerning statements of uncertainty of the measurement results (see
ISO/IEC 17025:2005°; see also 10.2.8.2)

' Various standards used in the United States require emission measurements below 9 kHz (e.g., MIL-STD-461F [B24],
MDS-201-0004 [B23], SAE ARP1972:1993 [B27]). These have their own measurement procedures and thus require no reference to
ANSI C63.4 emission measurement procedures. However, they may require reference to ANSI C63.2 and ANSI C63.4 for
instrumentation specifications. Individual regulatory and/or purchasing agency requirements normally take precedence.

? Numbers in brackets correspond to the numbers in the bibliography in Annex O.

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

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used; therefore, each referenced document is cited in text and its relationship to this
document is explained). For dated references, only the edition cited applies. For undated references, the
latest edition of the referenced document (including any amendments or corrigenda) applies.

ANSI C63.2, American National Standard for Electromagnetic Noise and Field Strength Instrumentation,
10 Hz to 40 GHz Specifications.*

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 for Construction of Open-Area Test Sites for Performing
Radiated Emission Measurements.

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

ANSI C63.22, American National Standard Guide for Automated Electromagnetic Interference
Measurements.

ANSI C63.23, American National Standard Guide for Electromagnetic Compatibility—Computations and
Treatment of Measurement Uncertainty.

CISPR 14-1:2005-11, Electromagnetic Compatibility—Requirements for Household Appliances, Electric
Tools and Similar Apparatus—Part 1: Emission, Ed. 5.0.°

CISPR 16-1-1:2010-11, Specification for Radio Disturbance and Immunity Measuring Apparatus and
Methods—Part 1-1: Radio Disturbance and Immunity Measuring Apparatus—Measuring Apparatus,
Ed. 3.1.

CISPR 16-1-2:2006-08, Specification for Radio Disturbance and Immunity Measuring Apparatus and
Methods—Part 1-3: Radio Disturbance and Immunity Measuring Apparatus—Ancillary Equipment—
Conducted Disturbances, Ed. 1.2.

CISPR 16-1-3:2004-06, Specification for Radio Disturbance and Immunity Measuring Apparatus and
Methods—Part 1-3: Radio Disturbance and Immunity Measuring Apparatus—Disturbance Power, Ed. 2.

CISPR 16-1-4:2010-04, Specification for Radio Disturbance and Immunity Measuring Apparatus and
Methods—Part 1-4: Radio Disturbance and Immunity Measuring Apparatus—Ancillary Equipment—
Radiated Disturbances, Ed. 3.

CISPR 16-4-2:2011-06, Specification for Radio Disturbance and Immunity Measuring Apparatus and
Methods—Part 4-2: Uncertainties, statistics and limit modelling—Measurement instrumentation
uncertainty, Ed. 2.

Code of Federal Regulations Title 47 Part 15 (47CFR15), Telecommunication—Radio Frequency
Devices.®

4 ANSI C63® publications are available from The Institute of Electrical and Electronics Engineers (http:/standards.ieee.org/) or from
the American National Standards Institute (http://www.ansi.org/).

* CISPR documents are available from the International Electrotechnical Commission (http://www.iec.ch/). CISPR documents are also
available in the United States from the American National Standards Institute (http://www.ansi.org/).
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ICES-003, Spectrum Management and Telecommunications, Interference-Causing Equipment Standard,
Information Technology Equipment (ITE) — Limits and methods of measurement, Industry Canada, Issue 5,
August 2012.7

IEEE Std 139™.-1988, IEEE Recommended Practice for the Measurement of Radio Frequency Emission
from Industrial, Scientific, and Medical (ISM) Equipment Installed on User’s Premises.*’

IEEE Std 187™-2003, IEEE Standard for Measurement Methods of Emissions from FM and Television
Broadcast Receivers in the Frequency Range of 9 kHz to 40 GHz.

IEEE Std 1309™-2005, IEEE Standard for Calibration of Electromagnetic Field Sensors and Probes,
Excluding Antennas, from 9 kHz to 40 GHz.

ISO 10012:2003, Measurement management systems—Requirements for measurement processes and
measuring equipment. '’

ISO/IEC 17025:2005, General requirements for the competence of testing and calibration laboratories.

¢ CFR publications are available from the U.S. Government Printing Office (http://www.gpoaccess.gov/).

" ICES standards, including various related Industry Canada Spectrum Management and Telecommunications publications, are
available from http://www.ic.gc.ca/spectrum.

8 IEEE publications are available from The Institute of Electrical and Electronics Engineers (http:/standards/iece.org/).

? The TEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
' ISO publications are available from the ISO Central Secretariat (http://www.iso.ch/). ISO publications are also available in the
United States from the American National Standards Institute (http://www.ansi.org/).
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3. Definitions, acronyms, and abbreviations

For the purposes of this document, the following terms and definitions apply. The IEEE Standards
Dictionary Online'' and ANSI C63.14 should be consulted for terms not defined in this clause. See F.3 for
definitions specific to testing in TEM waveguides.

3.1 Definitions

active antenna: An antenna system with integral amplifiers, preamplifiers, and/or other nonlinear active
devices that amplify the signal and/or shape the frequency response. [CISPR 16-1-4:2010-04, A.4.2.4,
modified] Contrast: passive antenna.

NOTE—Examples of active antennas used for electromagnetic compatibility (EMC) measurements include active
monopole antennas, active loop antennas, and active double-ridged guide horn antennas. >

ambient level: The values of radiated and conducted signal and noise existing at a specified test location
and time when the test sample is not activated.

antenna factor: Ratio of the electric field strength £ in the polarization direction of the antenna to the
voltage induced across the load connected to the antenna terminals V, and expressed in decibel form
[20 log (£/V,)]. [ANSI C63.5-2006, 3.2]

click: A disturbance that exceeds the limit of continuous disturbance not longer than 200 ms and that is
separated from a subsequent disturbance by at least 200 ms.

NOTE—For the specified values and conditions, guidance may be found in CISPR 14-1:2005-11 and
CISPR 16-1-1:2010-11.

counterpoise: A system of conductors designed to simulate actual ground that may be elevated above and
insulated from the ground, forming a lower system of conductors of an antenna.

digital device: An unintentional radiator (device or system) that uses digital techniques and generates and
uses timing signals or pulses at a rate in excess of 9000 pulses (cycles) per second, inclusive of telephone
equipment that uses digital techniques or any device or system that generates and uses radio-frequency
(RF) energy for the purpose of performing data processing functions, such as electronic computations,
operations, transformations, recording, filing, sorting, storage, retrieval, or transfer.

NOTE—Computer terminals and peripherals that are intended to be connected to a computer are digital devices.

(electromagnetic) disturbance: Any electromagnetic phenomenon that may degrade the performance of a
device, piece of equipment, or system, or adversely affect living or inert matter.

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

(electromagnetic) emission: (A) The phenomenon by which electromagnetic energy emanates from a
source. (B) Electromagnetic energy propagated from a source by radiation or conduction.

equipment arrangement: An equipment configuration spatially arranged with cables at the test site to
form an equipment under test (EUT). Syn: test setup.

" JEEE Standards Dictionary Online subscription is available at
http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html.
2 Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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equipment configuration: A combination of equipment units constituting the equipment under test (EUT).

equipment under test (EUT): A device or system being evaluated for compliance that is representative of
a product to be marketed.

floor-standing equipment: Equipment designed to be used directly in contact with the floor or supported
above the floor on a surface designed to support both the equipment and the operator (e.g., a raised
computer floor).

host: A device to which other devices (peripherals) are connected and that generally controls those devices.

hybrid antenna: Any antenna that is constructed such that it includes a combination of both broadband
dipole (e.g., biconical, bow-tie) elements and log-periodic dipole array (LPDA) elements.

incidental radiator: A device that does not intentionally generate any radio-frequency (RF) energy, but
that may create such energy as an incidental part of its intended operation.

NOTE—Common examples include brush-type electric motors, fluorescent light ballasts operating at 60 Hz ac line
frequency, faulty doorbell transformers, doorbell control circuits, and aquarium heaters.

industrial, scientific, and medical (ISM) equipment: Equipment or appliances designed to generate and
use radio-frequency (RF) energy locally for industrial, scientific, medical, domestic, or similar purposes,
excluding applications in the field of telecommunication.

information technology equipment (ITE): Any equipment that

— Has a primary function of one or more of the following: entry, storage, display, retrieval,
transmission, processing, switching, or control of data or telecommunication messages;

— May be equipped with one or more terminal ports typically operated for information transfer; and

— Has arated supply voltage not exceeding 600 V.

NOTE—Examples of ITE include data-processing equipment, office machines, electronic business equipment,
predominantly digital audio and video equipment, and telecommunications equipment that contain digital circuits.

intentional radiator: A device that intentionally generates and emits radio-frequency (RF) energy by
radiation or induction.

line impedance stabilization network (LISN): A network inserted in the power supply conductor of an
apparatus to be tested that provides, in a given frequency range, a specified load impedance for each
current-carrying conductor for the measurement of conducted emission voltages. A LISN is used to isolate
the apparatus from the supply mains in that frequency range and couples the equipment under test (EUT)
emissions to the measuring instrument.

NOTE—A LISN unit may contain one or more individual LISN circuits.

low-voltage electrical and electronic equipment: Electrical and electronic equipment with operating
input voltages of up to 600 V dc or 600 V rms ac.

module: Any assembly of interconnected components that constitutes an identifiable device, instrument, or
piece of equipment.

normalized site attenuation (NSA): Site attenuation divided by the antenna factors of the radiating and
receiving antennas (all in linear units)."® See also: site attenuation.

1 See ANSI C63.5 for details about applicable antenna factors and other parameters.
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passive antenna: An antenna that functions without any source of energy other than input signals.
[IEV 702-09-07, modified]'* Contrast: active antenna.

NOTE—Examples of passive antennas used for electromagnetic compatibility (EMC) measurements include tuned
dipoles, biconical dipoles, log-periodic dipole array (LPDA) antennas, hybrid antennas, and many types of horn
antennas.

peripheral device: A digital accessory that feeds data into or receives data from another device (host) that,
in turn, controls its operation.

personal computer (PC): An electronic computer that is marketed for use in the home, notwithstanding
business applications.

NOTE—Other definitions given in product standards or applicable regulations may take precedence.

reference ground plane: A conducting flat surface or plate that is used as a common reference point for
circuit returns and electric or signal potentials and that reflects electromagnetic waves.

site attenuation: The ratio of the power input of a matched, balanced, lossless, tuned dipole radiator to that
at the output of a similarly matched, balanced, lossless, tuned dipole receiving antenna for specified
polarization, separation, and heights above a flat electromagnetically reflecting surface. It is a measure of
the transmission path loss between two antennas. See also: normalized site attenuation (NSA).

NOTE—The above is the classic definition of site attenuation. In this standard, it is extended to cover broadband
antennas as well as tuned dipole antennas.

system: A configuration of interconnected devices, including accessories and peripherals, and their cables
that is designed to perform a particular function or functions.

tabletop device: A device designed to be placed and normally operated on the raised surface of a table or
other surfaces of similar height, e.g., most personal computers (PCs).

transfer switch: A device used to alternate between the reception of over-the-air radio-frequency (RF)
signals via connection to an antenna and the reception of RF signals received by any other method, such as
from a television (TV) interface device.

television (TV) interface device: An unintentional radiator that produces or translates in frequency a radio
carrier modulated by a video signal derived from an external or internal signal source and that feeds the
modulated radio-frequency (RF) energy by conduction to the antenna terminals or other nonbaseband input
connections of a TV broadcast receiver.

unintentional radiator: A device that generates radio-frequency (RF) energy for use within the device or
that sends RF signals by conduction to associated equipment via connecting wiring, but that is not intended
to emit RF energy by radiation or induction.

" IEV Online, IEC 60050, International Electrotechnical Vocabulary, International Electrotechnical Commission, Geneva, CH,
(http://www.electropedia.org/).
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3.2 Acronyms and abbreviations

AC, ac
ASC
ATSC
AUT
CPU
CSTD
("%
DC, dc
EMC
EMI
EUT
FCC
FSAF
GSCF
GTEM
HAIMP
IF

/0
ISM
ITE
LISN
LPDA
NSA
NTSC
OATS
PC

RF
SVSWR
TEM
VCR
VITS
VSWR

alternating current

Accredited Standards Committee
Advanced Television Systems Committee
antenna under test

central processing unit

cable system terminal device
continuous wave

direct current

electromagnetic compatibility
electromagnetic interference
equipment under test

Federal Communications Commission
free-space antenna factor
geometry-specific correction factor
gigahertz transverse electromagnetic
hybrid antenna impedance matching pad
intermediate frequency

input/output

industrial, scientific, and medical
information technology equipment
line impedance stabilization network
log-periodic dipole array

normalized site attenuation

National Television Systems Committee
open-area test site

personal computer

radio frequency

site-voltage standing wave ratio
transverse electromagnetic
videocassette recorder

vertical interval test signal

voltage standing wave ratio
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4. Measurement instrumentation

4.1 General

The use of proper measurement instrumentation is critical to obtaining accurate, reproducible results.
Various measuring accessories that may be needed depend on the particular measurements to be performed,
as described in the following subclauses.

4.2 Emission measuring instruments

4.2.1 General requirements

This standard recognizes that both spectrum analyzers (see 4.2.3) and electromagnetic interference (EMI)
receivers (see 4.2.2) may be used for making emission measurements. Measurement instrumentation used
for making radiated and alternating current (ac) power-line conducted radio-noise measurements include
those that conform to the specifications contained in either or both of the following documents as
appropriate to the frequency range of measurement:

a)  ANSI C63.2 (for measurements up to and including 40 GHz)
b) CISPR 16-1-1:2010-11 (for measurements up to and including 18 GHz)

A spectrum analyzer typically will not meet all requirements stated in ANSI C63.2 or
CISPR 16-1-1:2010-11 without additional accessories. Appropriate accessories, which provide, for
example, preselection, quasi-peak detection, and specific intermediate frequency (IF) filters, may be used
with a spectrum analyzer; this combination can be equivalent to a receiver, meeting the specifications in
either item a) or item b) of this subclause.

4.2.2 Reference receiver

The receiver for measurements of radiated and ac power-line conducted radio noise is an instrument
conforming to ANSI C63.2 or CISPR 16-1-1:2010-11. Other measuring instruments may be used for
certain restricted and specialized measurements when these instruments conform to ANSI C63.2 or
CISPR 16-1-1:2010-11. Automatic scanning receivers may be used, but the scan speed is to be selected
such that calibrated measurements can be performed (based on the IF bandwidth selection) and the signals
are properly intercepted (e.g., based on the pulse repetition frequencies). Guidance for selecting the proper
bandwidth is given in 4.2.4.

If the output of the quasi-peak or linear average detector is presented in logarithmic units, the logarithms
shall be taken in the measuring instrument after the signal is detected. It shall be confirmed that the output
indication represents the logarithm of the true quasi-peak or linear average value of the signal measured.

NOTE 1—Instruments that use logarithmic detectors, predetection logarithmic circuits, or both should include
corrective circuits so that the output indication is the logarithm of the true linear average or quasi-peak value of the
signal or noise.
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NOTE 2—Users should be aware that the EMI receiver specifications in CISPR 16-1-1:2010-11 and ANSI C63.2
contain several differences.'> For example, for measurements above 1 GHz, the bandwidth definitions for
measurements are different. These differences in bandwidth specification may result in different measured values for
broadband signals.

4.2.3 Spectrum analyzer

The use of spectrum analyzers for radiated and ac power-line conducted radio-noise compliance
measurements is permissible, although spectrum analyzers without additional accessories will not meet all
specifications called out in the standards listed in 4.2.1 and 4.2.2.

To meet the requirements in 4.2.4, spectrum analyzers shall be equipped with proper quasi-peak and linear
average detection. However, measurements with the peak detector of an instrument are permissible to
demonstrate compliance of an EUT, as long as the required resolution bandwidth is used, because peak
detection will yield amplitudes equal to or greater than amplitudes measured with the quasi-peak or linear
average detector. The measurement data from a spectrum analyzer peak detector will represent the worst-
case results.

Nominal values for the resolution bandwidth shall be as specified in either CISPR 16-1-1:2010-11 or
ANSI C63.2. It should be noted that most spectrum analyzers implement a resolution bandwidth
specification of 3 dB, which is acceptable because larger bandwidths are permissible. The resolution
bandwidths cited in the standards listed in 4.2.2 do not have a Gaussian shape but are individually specified
by their frequency response (i.e., “masks”). When using larger bandwidths than the ones specified, or filters
with different transfer functions, different measurement results for broadband signals must be expected. In
case of dispute, the test results measured with one of the reference receivers defined in 4.2.2 will take
precedence.

For a spectrum analyzer to meet the specifications of one of the two reference receivers, it must provide
adequate overload protection and system dynamic range, achieve proper weighting of pulses when using
quasi-peak detection, and have the resolution bandwidths specified in either CISPR 16-1-1:2010-11 or
ANSI C63.2. If a spectrum analyzer is to be used to make quasi-peak measurements of low repetition rate
signals (i.e., pulse repetition rate of 20 Hz or less), the use of a preselector is required to provide adequate
dynamic range of the instrument.

When using spectrum analyzers, the following instrumentation characteristics shall be addressed:

a) Overload—Most spectrum analyzers have no RF preselection in the frequency range up to
2 GHz; that is, the input signal is directly fed to a broadband mixer. To avoid overload, to prevent
damage, and to operate a spectrum analyzer linearly, the signal amplitude at the mixer shall be less
than the manufacturer’s stated specification for the maximum input level for linear operation.'® RF
attenuation and/or additional RF preselection may be required to reduce the input signal to this
level.

b) Linearity test—Linearity can be verified by measuring the level of the specific signal under
investigation and repeating this measurement after a 6 dB or less attenuator has been inserted at the
input of the measuring instrument, or the preamplifier if used. The new reading of the measuring
instrument display should differ by the inserted attenuation by not more than + 0.5 dB from the first
reading when the measuring system is linear; see H.3 for details. In case of broadband time-variant

'* The 2009 edition of ANSI C63.2 is a compilation and comparison summary of specifications from ANSI C63.2-1996 [B1] and
CISPR 16-1-1:2003 [B12]. Using the other provisions in ANSI C63.2 that are not contained in CISPR 16-1-1:2010-11 may entail
additional or different specifications relative to Clause 3 of ANSI C63.2-2009. The testing organization should determine whether the
additional or different specifications need to be taken into account with any specific measurement condition. When any additional
provisions in ANSI C63.2 are not needed, CISPR 16-1-1:2010-11 can be used without any further justification.

' The typical maximum input level for the linear operation of a spectrum analyzer is 150 mV peak; regardless, users should be aware
of the actual maximum input level for the linear operation of their particular spectrum analyzer.
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signals and spread-spectrum signals, the linearity test may be performed by setting the analyzer in
maximum hold with peak detector function.

¢) Normal response to pulses—The response of a spectrum analyzer with quasi-peak detection shall
be verified with the calibration test pulses specified in CISPR 16-1-1:2010-11. The large peak
voltage of the calibration test pulses typically requires an insertion of RF attenuation of 40 dB or
more to satisfy the linearity requirements. This decreases the sensitivity and makes the
measurement of low repetition rate and isolated calibration test pulses impossible for bands C and
D.'7 If a preselecting filter is used ahead of the measuring instrument, the RF attenuation can be
decreased. The filter limits the spectrum width of the calibration test pulse as seen by the mixer.

d) Signal interception—The spectrum of intermittent and/or time varying emissions may be captured
with peak detection and digital display storage (i.e., “max hold” function). Multiple, fast frequency
scans reduce the time to intercept an emission compared with a single, slow frequency scan. The
starting time of the scans shall be varied to avoid any synchronism with the emission and thereby
masking it. The total observation time for a given frequency range shall be longer than the time
between the emissions. Depending on the type of emission being measured, the peak detection
measurements can replace all or part of the measurements needed using quasi-peak detection.
Retests using a quasi-peak detector shall then be made at frequencies where emission maxima have
been found.

e) Average detection—For spectrum analyzers not equipped with a linear average detector as
specified in 4.2.4.1, an alternate method of linear average detection with a spectrum analyzer can
be obtained by setting the detector mode to peak and reducing the video bandwidth until no
significant variations in the displayed signal are observed from trace to trace; see 4.2.4.2 for a basic
measurement procedure. The sweep time must be increased with reductions in video bandwidth to
maintain amplitude calibration. For such measurements, the instrument shall be used in the linear
mode of the detector, and maximum-hold processing of traces should be employed to achieve a
maximum reading. After linear detection is made, the signal may be processed logarithmically for
display, in which case, the value is corrected even though it is the logarithm of the linearly detected
signal. A logarithmic amplitude display mode may be used, for example, to distinguish more easily
between narrowband and broadband signals. The displayed value is the average of the
logarithmically distorted IF signal envelope. A logarithmic amplitude display mode results in a
larger attenuation of broadband signals than in the linear detection mode without affecting the
display of narrowband signals. Therefore, video filtering in the log display mode is especially
useful for estimating the narrowband component in a spectrum containing both broadband and
narrowband signals.

When performing final compliance measurements in accordance with CISPR 16-1-1:2010-11, the
video bandwidth shall be set to a value of 1 Hz so that the proper integration time is realized; H.6
provides other details.

NOTE— Notwithstanding the video bandwidth requirements of 6.5.4 of CISPR 16-1-1:2010-11, the
measurement procedure standards CISPR 16-2-1:2010 [B13] (i.e., Annex D therein) and CISPR 16-2-3:2010
[B14] (i.e., Annex C therein) allow the use of higher video bandwidths, at least for pre-scan measurements,
when measuring slowly intermittent, unsteady, or drifting narrowband disturbance signals that have pulse
repetition frequencies or modulation frequencies greater than 5 Hz. Also, because the measurand in 6.5.4 of
CISPR 16-1-1:2010-11 is specified to be the peak reading, the larger amplitude fluctuations that occur with the
use of a higher-than-specified video bandwidth will provide a conservative measurement result (i.e., higher
emission level).

f)  Selection of display mode—For electromagnetic compatibility (EMC) measurements, the positive
peak detector should be selected so that the highest emission amplitudes are displayed. Scanning
the frequency range of interest in multiple frequency segments can reduce the introduced frequency
error. This will improve frequency accuracy but will increase the overall test time.

7 CISPR 16-1-1:2010-11 bands C and D are 30 MHz to 1000 MHz.

. Documents

Copyright © 2014 IEEE. All rights reserved. Document Sharing Hub

Full documen®Adtherized licehseeiuse fimited to: University of Nebraska - Lincoln. Downloaded on April 09,2015 at 11:32:27 UTC from IEEE Xplore. Restrictions apply.


http://www.avadocuments.com/doc/ieee-c63-4-2014
http://www.avadocuments.com/doc/ieee-c63-4-2014

ANSI C63.4-2014
American National Standard for Methods of Measurement of Radio-Noise Emissions from Low-Voltage Electrical and
Electronic Equipment in the Range of 9 kHz to 40 GHz

See also Annex H and ANSI C63.22 for more details on and precautions concerning the use of spectrum
analyzers.

4.2.4 Detector functions and selection of bandwidth

4.2.4.1 General requirements

Unless otherwise specified, EMI receivers or spectrum analyzers shall have the detector functions and
bandwidths specified in either ANSI C63.2 or CISPR 16-1-1:2010-11 for frequencies up to and including
18 GHz; above 18 GHz, the detector functions and bandwidths specified in ANSI C63.2 shall be used.

In the frequency range from 1 GHz to 18 GHz, the IF filter used in an EMI receiver or in a spectrum
analyzer shall satisfy any one of the following requirements.

a) The IF filter shall comply with the selectivity criterion called out in Figure 4 of
CISPR 16-1-1:2010-11; or

b)  The IF filter shall have a | MHz impulse bandwidth; or

c) If the | MHz measurement bandwidth of the IF filter is not calibrated as the impulse bandwidth, a
correction factor for broadband signal amplitudes shall be applied.

For EMI receivers or spectrum analyzers subject to the preceding condition c), the necessary correction
factor shall be determined as follows:

—  The impulse bandwidth, Biyp, of the 1 MHz IF filter shall be determined by measurements made in
accordance with the method stated in E.7 of CISPR 16-1-1:2010-11.

— A bandwidth correction shall be applied ONLY when broadband signal amplitudes are measured.
The broadband correction factor (in dB) shall be calculated using Cgg = 20 10g (Bimp / Bmeas), Wwhere
Bess €quals the measurement bandwidth (i.e., 1 MHz). This correction factor is to be added
algebraically to the broadband signal level measured using the available 1 MHz IF bandwidth.

In the frequency range from 18 GHz to 40 GHz, the IF filter used in an EMI receiver or in a spectrum
analyzer shall satisfy the requirements stated under either the preceding b) or c).

Peak detector measured data can be substituted for the appropriate detector data to show compliance, as
long as the required resolution bandwidth is maintained or exceeded, if the peak level obtained does not
exceed the limit. The bandwidths used shall be equal to or greater than that specified in ANSI C63.2. Use
of bandwidths greater than those specified may produce higher readings for certain types of emissions. If
bandwidths greater than those specified are used, the actual bandwidths used shall be recorded in the test
report. In case of dispute, the reference receiver shall take precedence. More than one instrument may be
needed to perform all of these functions.

The measuring instrument shall satisfy the following provisions:

—  The quasi-peak detector and average detector shall have a linear response.

— The average detector shall meet the linear average specifications in ANSI C63.2 or
CISPR 16-1-1:2010-11. A logarithmic average detector shall not be used for making measurements
in accordance with ANSI C63.4.

— When measuring an emission with a low duty cycle, the dynamic range of the measuring
instrument shall not be exceeded.
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When using a spectrum analyzer or other instrument that allows access to the video bandwidth setting, for
peak measurements, this bandwidth shall be set to a value at least three times greater than the IF bandwidth
of the measuring instrument to avoid the introduction of unwanted amplitude smoothing.

NOTE—For the purposes of this document, the terms IF' bandwidth and resolution bandwidth are synonymous.

4.2.4.2 Average measurements using spectrum analyzer with reduced video bandwidth

For a spectrum analyzer not having a dedicated average detector function, the following procedure shall be
used to make average measurements by reduction of video bandwidth. This method yields the average
value of signals at the input of a spectrum analyzer measured with a specified resolution bandwidth.

a) Tune the instrument to the signal of interest by setting the center frequency to the signal frequency,
and set the resolution bandwidth to the required resolution bandwidth.

b)  Select the spectrum analyzer linear display mode.

c) Set the spectrum analyzer reference level such that the measured signal is positioned as close as
possible to the top line of the display graticule.

d) Reduce the video bandwidth to a value that does not result in any further reduction in the displayed
signal amplitude, but no less than 1 Hz [see also the NOTE in 4.2.3 ¢)].

e) After items a) through d) are completed, measure the maximum average signal on the display.

Additional discussion about the use of spectrum analyzers for average measurements is given in H.6.

4.2.5 Signal monitoring

All radio-noise measurements should be monitored (audio and/or visual) by the test operator using a
headset, a loudspeaker, a spectrum display, or any combination thereof as an aid to detecting ambient
signals and selecting the emissions that have the highest amplitude relative to the limit. Precautions shall be
taken to ascertain that the use of a headset or speaker does not affect the measuring instrument indication
during measurements.

4.3 Line impedance stabilization network (LISN)

A LISN having the nominal impedance characteristic shown in Figure 1 (see figures in 4.8) is required for
ac conducted emission measurements.'® When the measuring instrument (receiver or spectrum analyzer)
ports are terminated into an impedance of 50 Q, the characteristic impedance in Figure 1 shall be present at
the EUT ports of the LISN. Figure 2 and Figure 3 (see 4.8) show two circuits that when carefully
constructed can provide the impedance characteristics of Figure 1 (for use with connecting cable, see also
5.2.4). Table B.1 through Table B.4 show the +20% limit values for the LISN impedance at the LISN
terminals and the +30% / —20% limit values for the LISN impedance when extension cords are used with
the LISN, respectively. Where specific equipment requirements specify another LISN, the specified LISN
shall be used.

NOTE 1—Care shall be taken to check for and confirm that no unusual resonances exist in situations where LISNs are
used for making measurements below 9 kHz (see 1.2).

'® In this document, associated figures are placed at the end of each clause.
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NOTE 2—This standard does NOT require the use of LISNs that meet the phase angle tolerances specified in 4.2 and
4.3 (and Tables 3 and 4, respectively) of CISPR 16-1-2:2006-08; however, such LISNs may be used if the nominal
impedance characteristics and tolerances shown in Figure 1 (and Table B.1 through Table B.4, as applicable) of this
standard are met. Regardless of whether a LISN satisfies the phase angle tolerances of 4.2 and 4.3 of
CISPR 16-1-2:2006-08, the applicable uncertainty characteristics associated with the LISN calibration should be used
when the measurement uncertainty of an ac power-line conducted emissions measurement is calculated and included in
a test report (see 10.2.8.2).

4.4 Voltage probe

A voltage probe may be used for radio-noise voltage measurements when measurements are made at a
user’s installation (see 5.6) or when the ac current level exceeds the current-carrying capability of
commercially available LISNs.'” Voltage probes shall be calibrated for use. For such measurements, the
method shown in Figure 4 (see 4.8) may be used. Special precautions shall be taken to establish a reference
ground for the measurements. A LISN shall not be used in conjunction with a voltage probe for
measurements at a user installation. The measurements are dependent on the impedance presented by the
power supply and may vary with time and location because of variations in the power supply. (It may be
necessary to perform repeated measurements over a suitable period of time to determine the variation in
measured values. The time period shall be sufficient to cover all significant variations caused by operating
conditions at the installation.) Such measurement results shall be regarded as unique to that EUT and
installation environment. The measurements shall be made between each current-carrying conductor in the
power supply and the ground conductor with a blocking capacitor (C) and a resistor (R), shown in Figure 4,
such that the total resistance between line and ground is 1500 Q. Because the voltage probe attenuates the
radio-noise voltage, appropriate calibration factors shall be added to the measured values. Measurements
made with LISNs shall take precedence over measurements made with voltage probes.

4.5 Antennas

4.5.1 General considerations

The use of specific antennas depends on the frequency range and field type (electric or magnetic) being
measured in performing radiated emissions measurements, as indicated in 4.5.2 through 4.5.5. Antennas
shall be calibrated in accordance with ANSI C63.5.

NOTE—Users of ANSI C63.4 are especially recommended to pay careful attention to the scope and content of Table 1,
Table 2, and Table 3.

Table 1 provides a summary listing of types of antennas that may be used in making exploratory radiated
emissions measurements and/or for making relative-comparison evaluation measurements (e.g., A/B
comparisons). Table 1 identifies the typical frequency ranges over which these antennas operate and
provides normative footnotes regarding special considerations in their use. Antenna types other than those
specifically listed in Table 1 may also be employed for making exploratory radiated emissions
measurements and/or relative-comparison evaluation measurements, but users are cautioned to carefully
consider the performance characteristics of those antennas as well as the applicable calibration
procedures for those antennas prior to their use.

Table 2 contains the complete list of antennas that are permitted to be used for making final compliance
measurements for this standard and identifies the frequency ranges over which those antennas are permitted
to operate when making final compliance measurements. Only the antenna types specifically listed in Table
2 and used in the frequency ranges listed for their operation in Table 2 (and used in a manner consistent
with the normative footnotes in Table 2) shall be used for making final compliance measurements.

' Some measurement method documents refer to a voltage probe as a line probe [e.g., FCC/OET MP-5 [B15] (47CFR18.311)].
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Table 3 contains the complete list of antennas that are permitted to be used for making fest site validation
measurements and identifies the frequency ranges over which those antennas are permitted to operate when
making test site validation measurements. Only antenna types specifically listed in Table 3, when used over
the frequency ranges listed for their operation in Table 3 (and used in a manner consistent with the
normative footnotes in Table 3) shall be used for making test site validation measurements. (Note that NSA
stands for normalized site attenuation, and Syswr stands for site-voltage standing wave ratio.)20

Table 1—Radiated emissions antennas for exploratory and/or relative-comparison
evaluation purposes (and their frequency ranges of operation)®

4 Antenna types 10 Hz to 0.15 MHz to 30 MHz to 1 GHz to
0.15 MHz 30 MHz 1000 MHz 40 GHz

1 |Passive monopole® Yes Yes No No

2 |Active monopole® Yes Yes No No

3 |Passive loop® Yes Yes No No

4 |Active loop® Yes Yes No No

5 |Resonant tuned dipole (passive) No No Yes Yesh®

6 |Biconical dipole (50 Q or 200 Q balun) No No Yes Yes®®

7  |Precision broadband omnidirectional No No No Yes'
biconical dipole

8 |Log-periodic dipole array (LPDA) No No Yes Yest©
Hybrid (bicon/log) No No Yes Yes

10 |Waveguide horn No No No Yes

11 |Double-ridged guide horn (passive) No No Yes Yes®

12 |Double-ridged guide horn (active) No No No Yeseh

* This table was originally adapted from Table 6 of ANSI C63.2-1996 [B1].

® When monopole antennas are used for making exploratory or relative-comparison measurements, the use of an active monopole is
permitted when these measurements are made in a shielded enclosure (e.g., an RF anechoic chamber). The use of an active
monopole antenna is permitted when making exploratory or relative-comparison measurements in a non-shielded environment (e.g.,
an OATS) if the active monopole antenna is equipped with an operating saturation indicator and ONLY if the saturation indicator is
monitored during the course of the testing and that the monitor does not indicate saturation.

°

When loop antennas are used for making exploratory or relative-comparison measurements, the use of an active loop antenna is
permitted when these measurements are made in a shielded enclosure (e.g., an RF anechoic chamber). The use of an active loop
antenna is permitted when making exploratory or relative-comparison measurements in a non-shielded environment (e.g., an OATS)
if the active loop antenna is equipped with an operating saturation indicator and ONLY if the saturation indicator is monitored
during the course of the testing and that the monitor does not indicate saturation.

In general, tuned dipole, biconical dipole, and LPDA antennas operate within the 30 MHz to 1000 MHz frequency range, and
waveguide/DRG horn antennas operate over portions of the 1 GHz to 40 GHz band. However, some designs of tuned dipole,
biconical dipole, and LPDA antennas also operate within portions of the 1 GHz to 40 GHz range, and some designs of DRG horns
operate at frequencies as low as 170 MHz.

e

Users of biconical antennas, with 50 Q or 200 Q baluns, and LPDA antennas are cautioned that the required calibration methods for
these antennas at frequencies up to and including 1 GHz are completely different from those required to be used at frequencies
above 1 GHz. For further details, see the ANSI C63.5.

The use of precision broadband omnidirectional (biconical) antennas complying with the constructional and pattern requirements
specified in 8.3.3.1 of CISPR 16-1-4:2010-04 are permitted.

¢ The aperture dimensions of these horn antennas shall be small enough so that the measurement distance (in m) is equal to or greater
than the Rayleigh (far-field) distance (i.e., Ry, = 2D / A), where D is the largest dimension of the antenna aperture (in m) and A is the
free-space wavelength (in m) at the frequency of measurement.

f

=

The use of an active horn antenna is permitted when measurements are made in shielded enclosures (e.g., shielded enclosures, RF
anechoic chambers). The use of an active horn antenna is permitted when final compliance measurements are made in a non-
shielded environment (e.g., an OATS); however, users are cautioned to verify whether the ambient signals are causing the
preamplifier portion of the active horn antenna to saturate (thus yielding unacceptable, erroneous measurements) and, if they are, to
take corrective action (e.g., use of a notch filter, reorientation of the measurement axis) to eliminate the saturation condition.

2 The shading on table footnotes is used only to enhance readability; all footnotes have equal importance.
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Table 2—Antennas (and their frequency ranges of operation) for use in
making final compliance measurements on devices

4 Antenna types® 9 kHz to 30 MHz to 1 GHz to
30 MHz 1000 MHz 40 GHz

1 Passive monopole® Yes No No

2 Active monopole® Yes No No

3 Passive loop Yes No No

4 |Active loop® Yes No No

5 Resonant tuned dipole (passive) No Yes No

6  [Biconical dipole (50 Q or 200 Q Balun) No Yes No

7 Precision broadband omnidirectional biconical dipole No No Yes*

8 Log-periodic dipole array (LPDA) No Yes Yes®

9 Hybrid (bicon/log) No Yesh Yesh

10 |Waveguide horn No No Yes

11 |Double-ridged guide horn (passive) No No Yes'

12 |Double-ridged guide horn (active) No No Yes© ¢

* To be acceptable for use in making final compliance measurements on devices, each antenna used shall have a current, valid
calibration that was performed in accordance with ANSI C63.5 and is evidenced by a calibration certificate/report that, among other
things, states the specific antenna calibration method or methods used, the antenna factors determined for that specific antenna, and
the associated calibration measurement uncertainty. To be acceptable, an antenna calibration certificate/report shall have been issued
by an antenna calibration laboratory whose scope of accreditation includes the applicable antenna calibration method or methods and
the capability to cover the required frequency range. For further details, see 4.7.3.

® Users are advised that certain regulatory and/or purchasing agencies (e.g., the FCC) prohibit the use of active monopole antennas for
making E-field final compliance measurements on devices below 30 MHz. In such cases, if E-field measurements are required to be
made, the use of an active or passive loop antenna is required (with its antenna factors converted to E-field values assuming a free-
space impedance of 377 Q). Also, when monopole antennas are permitted to be used for making E-field final compliance
measurements, the use of an active monopole is permitted when final compliance measurements are made in a shielded enclosure
(e.g., an RF anechoic chamber). The use of an active monopole antenna is permitted when final compliance measurements are made
in a non-shielded environment (e.g., an OATS) if the active monopole antenna is equipped with an operating saturation indicator and
ONLY if the saturation indicator is monitored during the course of the testing and that the monitor does not indicate saturation.

¢ The use of an active loop antenna is permitted when final compliance measurements on devices are made in a shielded enclosure
(e.g., an RF anechoic chamber) in accordance with the provisions of 5.3. The use of an active loop antenna is permitted when final
compliance measurements are made in a non-shielded environment (e.g., an OATS) if the active loop antenna is equipped with an
operating saturation indicator and ONLY if the saturation indicator is monitored during the course of the testing and that the monitor
does not indicate saturation.

4 The use of precision broadband omnidirectional (biconical) antennas complying with the constructional and pattern requirements
specified in 8.3.3.1 of CISPR 16-1-4:2010-04 are permitted when making final compliance measurements on devices. No other
types of biconical antennas shall be used above 1 GHz for making final compliance measurements.

¢ Users of LPDA antennas are cautioned that the required calibration methods for these antennas at frequencies up to and including
1 GHz are completely different from those required to be used at frequencies above 1 GHz. Users are further cautioned that an
LPDA antenna whose operating frequency range extends above 1 GHz shall be acceptable for use in making final compliance
measurements on devices ONLY if the calibration certificate/report for that antenna explicitly states the differences between the
calibration methods used below 1 GHz and the calibration method used above 1 GHz and separately lists the antenna factors below
and above 1 GHz.

" The aperture dimensions of these horn antennas shall be small enough so that the measurement distance (in m) is equal to or greater
than the Rayleigh (far-field) distance (i.e., Ry, = 2D / 1), where D is the largest dimension of the antenna aperture (in m) and A is the
free-space wavelength (in m) at the frequency of measurement.

¢ The use of an active horn antenna is permitted when final compliance measurements on devices are made in a shielded enclosure
(e.g., RF anechoic chamber). The use of an active horn antenna is permitted when final compliance measurements are made in a
non-shielded environment (e.g., an OATS); however, users are cautioned to verify whether the ambient signals are causing the
preamplifier portion of the active horn antenna to saturate (thus yielding unacceptable, erroneous measurements) and, if they are, to
take corrective action (e.g., use of a notch filter, reorientation of the measurement axis) to eliminate the saturation condition.

" See Annex N for the site-specific hybrid antenna qualifications that are required to be met for a specific hybrid antenna to be used at
a specific test site over the frequency range of 30 MHz to 1 GHz. A specific hybrid antenna that has been determined to be suitable
for use on a specific test site from 30 MHz to 1 GHz by means of the procedures detailed in Annex N is deemed to be suitable for
use on that same test site from 1| GHz upwards to its highest frequency of operation.

If a hybrid antenna impedance matching pad (HAIMP) attenuator was used during the site-specific hybrid antenna qualification
procedure detailed in Annex N, then an attenuator of the same insertion loss value and the same or greater frequency range of
operation shall be used during all final compliance measurements made with that specific hybrid antenna on that specific test site.
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Table 3—Antennas (and their frequency ranges of operation)
for use in performing test site validation measurements

Test site validation method & frequency range
# Antenna types® NSA 30 MHz | NSA 200 MHz | Syswgr 1 GHz
to 200 MHz to 1000 MHz to 18 GHz
1 Resonant tuned dipole (passive) Yes Yes No
2 Biconical dipole® Yes No No
3 Precision biconical dipole®® No No Yes
4 Log-periodic dipole array (LPDA) No Yes Yes® !
5 Hybrid (bicon/log) Yes Yes Yes®!
6 Waveguide horn No No Yes® 8
7 Double-ridged guide horn (passive) No No Yes® ¢
8 Double-ridged guide horn (active) No No Yes®:heh

* To be acceptable for use in making test site validation measurements, each antenna used shall have a current, valid calibration that
was performed in accordance with ANSI C63.5 and is evidenced by a calibration certificate/report that, among other things, states
the specific antenna calibration method or methods used and the antenna factors determined for that specific antenna. To be
acceptable, an antenna calibration certificate/report shall have been issued by an antenna calibration laboratory whose scope of
accreditation includes the applicable antenna calibration method or methods and the capability to cover the required frequency
range. For further details, see 4.7.3.

® When performing NSA measurements, users are cautioned that the geometry-specific correction factors (GSCFs) required for
biconical dipole antennas with 50 Q baluns are significantly different from those applicable to biconical dipole antennas with 200
baluns. Additionally, users are cautioned that the GSCFs for all biconical dipole antennas vary with measurement distance and
frequency. ANSI C63.5 provides specific instructions and appropriate tables for the use of these antennas with the different balun
designs and at different measurement distances as a function of frequency when performing NSA measurements. For further details,
see Annex D and ANSI C63.5. Notwithstanding the requirement to use biconical dipole antennas for NS4 Method test site validation
measurements from 30 MHz to 200 MHz, it is permissible (but not recommended) to also use biconical dipole antennas for NS4
Method test site validation measurements from 200 MHz to 300 MHz. If biconical dipole antennas are used for NSA Method test site
validation measurements at frequencies from 200 MHz to 300 MHz, the GSCFs will need to be measured from 200 MHz to
300 MHz, because Annex G of ANSI C63.5 does not contain computed GSCFs for biconical dipoles in the frequency range from
200 MHz to 300 MHz.

¢ The use of precision broadband omnidirectional (biconical) antennas complying with the constructional and pattern requirements
specified in 8.3.3.1 of CISPR 16-1-4:2010-04 is required for test site validation measurements using the Syswr Method. No other
types of biconical antennas shall be used for test site validation above 1 GHz.

4 Users of LPDA antennas are cautioned that the required calibration methods for these antennas at frequencies up to and including
1 GHz are completely different from those required to be used at frequencies above 1 GHz. Users are further cautioned that an
LPDA antenna whose operating frequency range extends above 1 GHz shall be acceptable for use in making test site validation
measurements ONLY if the calibration certificate/report for that antenna explicitly states the differences between the calibration
methods used below 1 GHz and the calibration method used above 1 GHz and separately lists the antenna factors below and above
1 GHz. Notwithstanding the requirement to use LPDA antennas for NS4 Method test site validation measurements from 200 MHz to
1000 MHz, it is permissible (but not recommended) to use LPDA antennas for NSA Method test site validation measurements only
from 300 MHz to 1000 MHz if biconical dipole antennas are used for NS4 Method test site validation measurements at frequencies
from 30 MHz to 300 MHz (see footnote b of this table).

¢ When performing test site validation by means of the Syswr Method, it is required that the same type of receive antenna(s) used for
making test site validation measurements above 1 GHz also be used for performing final EUT radiated emissions measurements
above 1 GHz.

T A test site validation option above 1 GHz is described in 5.5.1 a) 2) wherein a specific sized area of the ground plane is covered with
RF absorber having specific performance characteristics, without the need for test site validation measurements at frequencies above
1 GHz.

€ The aperture dimensions of these horn antennas shall be small enough so that the measurement distance (in m) is equal to or greater
than the Rayleigh (far-field) distance (i.e., Ry, = 2D* / A), where D is the largest dimension of the antenna aperture (in m) and A is the
free-space wavelength (in m) at the frequency of measurement.

b The use of an active horn antenna is permitted when Syswr Method test site validation measurements are made in a shielded
enclosure (e.g., RF anechoic chamber). The use of an active horn antenna is permitted when Syswr Method test site validation
measurements are made in a non-shielded environment (e.g., an OATS); however, users are cautioned to verify whether the ambient
signals are causing the preamplifier portion of the active horn antenna to saturate (thus yielding unacceptable, erroneous
measurements) and, if they are, to take corrective action (e.g., use of a notch filter, reorientation of the measurement axis) to
eliminate the saturation condition.

UIf it is intended to use a specific hybrid antenna to make final compliance measurements on products at a specific test site, then the
use of that same hybrid antenna is mandatory when making Svswr Method test site validation measurements at that specific test site
over the frequency range from 1 GHz up to the highest frequency at which the hybrid antenna will be used to make final compliance
measurements on products.
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4.5.2 Magnetic field measurements (9 kHz to 30 MHz)

Either passive loop antennas or active loop antennas, as specified in ANSI C63.2 and/or
CISPR 16-1-4:2010-04, shall be used to measure magnetic fields in the frequency range of 9 kHz to
30 MHz. See also Table 1 and Table 2 for the applicable conditions of use of loop antennas.

4.5.3 Electric field measurements (9 kHz to 30 MHz)

Either passive monopole antennas or active monopole antennas, as specified in ANSI C63.2 and
ANSI C63.5, shall be used to measure electric fields in the frequency range of 9 kHz to 30 MHz (see also
CISPR 16-1-4:2010-04). Generally, a 1.04 m (approximately 41 in) vertical monopole antenna is used with
or without a counterpoise, as specified by the manufacturer or the regulatory and/or purchasing agency
requirements, as applicable. The height of the base of the monopole antenna element shall be placed to be
within 0 cm to 20 cm above the height of the base of the EUT. See also Table 1 and Table 2 for the
applicable conditions of use of monopole antennas.

NOTE—Some regulatory and/or purchasing agencies (e.g., FCC) do not allow the use of a monopole antenna for
measurements of radiated emissions.

4.5.4 Electric field measurements (30 MHz to 1000 MHz)

Linearly polarized antennas, as specified in ANSI C63.2 and/or ANSI C63.5, shall be used to measure
electric fields in the frequency range of 30 MHz to 1000 MHz (see also CISPR 16-1-4:2010-04).
Specifically, tunable dipole antennas, biconical dipole antennas, LPDA antennas, and hybrid antennas may
be used. However, hybrid antennas can be used only if the requirements of the site-dependent qualification
procedure specified in Annex N are satisfied. See Table 1, Table 2, and Table 3 for the applicable
conditions of use for tunable dipole antennas, biconical dipole antennas, LPDA antennas, and hybrid
antennas.

NOTE—Some regulatory and/or purchasing agencies may require the use of a reference antenna (i.e., tunable dipole as
described in 6.2, Annex C, and Annex E of ANSI C63.5-2006) for measurements of radiated emissions.

4.5.5 Electric field measurements (1 GHz to 40 GHz)

Linearly polarized antennas, as specified in Table 1, Table 2, or Table 3, as applicable, and calibrated in
accordance with ANSI C63.5, shall be used (see also CISPR 16-1-4:2010-04). These antennas include
hybrid antennas, LPDAs, double-ridged waveguide horns, quadruple-ridged waveguide horns, rectangular
waveguide horns, pyramidal horns, optimum-gain horns, octave-band horns, and standard-gain horns. The
main “beam” or main lobe of the pattern for any antenna used shall be large enough to encompass the
physical size of the EUT, or system arrangement, when located at the measuring distance. See 8.2.4 for
details on techniques for encompassing products in the measurement process.

The aperture dimensions of these horn antennas shall be small enough so that the measurement distance (in
meters) is equal to or greater than the Rayleigh (far-field) distance [i.e., Ry = (2D*)/A], where D is the
largest dimension of the antenna aperture (in meters) and A is the free-space wavelength (in meters) at the

frequency of measurement. In case of dispute, measurements made with a standard-gain horn antenna shall
take precedence.

4.6 Absorbing clamp

Measurements of radio-noise power, if required, are made with an absorbing clamp; see Clause 9.
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4.7 Calibration of measuring equipment

4.7.1 General requirements

All instruments that can have a significant effect on the accuracy or validity of measurements made as
specified in this standard shall be calibrated in accordance with the manufacturer’s recommendations and
the instrument requirements of ANSI C63.2. A calibration records system shall be maintained, as part of a
laboratory quality system, which monitors the calibration status of the test equipment and facilitates the
traceability to national standards.

4.7.2 Confirmation interval

The calibration of all instruments shall be confirmed in the first year of deployment. The subsequent
recalibration intervals may be longer (up to 3 years) or shorter based on review of calibration data relative
to the recommendations of the instrument manufacturer and the required measurement accuracy. All
instruments shall be checked as frequently as necessary between calibration intervals to provide evidence
that instrument accuracy and system measurement uncertainty is continuously maintained; see
ISO 10012:2003.

Reference antennas that are used only for calibration or test site validation measurement purposes shall be
constructed as specified and should be checked using ANSI C63.5 methods at least every 3 years.

4.7.3 Antenna calibration

All antennas shall be calibrated in accordance with ANSI C63.5, including antennas used for performing
NSA measurements for standard test site validation and alternative test site validation (see 5.4.2) and
antennas used for performing Syswr measurements for test site validation above 1 GHz. Antennas shall be
recalibrated at regular intervals (i.e., periodically recalibrated) as described in 4.7.2 and recalibrated after
repair when damage or deterioration is suspected or known to have occurred. Notwithstanding the
provisions of the preceding sentence:

— Standard gain horns need not be periodically recalibrated, unless damage or deterioration is
suspected or known to have occurred. If a standard gain horn is not periodically recalibrated, its
critical dimensions (see IEEE Std 1309-2005) shall be verified and documented on an annual basis.

—  Precision broadband omnidirectional (biconical) antennas used for Syswr site validation testing [see
also 5.5.1 a) 1)] and complying with the constructional and pattern requirements specified in
8.3.3.1 of CISPR 16-1-4:2010-04 need not be periodically recalibrated, unless damage or
deterioration is suspected or known to have occurred.

To be acceptable, an antenna calibration certificate/report shall have been issued by an antenna calibration
laboratory whose scope of accreditation includes the applicable antenna calibration method or methods
including the calibration measurement uncertainty.

4.7.4 LISN impedance and insertion loss measurements

The impedance and insertion loss of each LISN used in testing emissions shall be measured over the
frequency range of use. It is suggested that the insertion loss measurement be carried out after the
completion of the impedance measurements. The LISN shall be measured in the configuration for which
it is used for testing a product. Acceptable procedures for performing these measurements are given in
Annex B. See 5.2.4.2 for verifying a permanently installed LISN. The LISN should be checked routinely to
confirm acceptable performance; see 4.7.2.
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4.7.5 Characterization of absorbing clamp

Absorbing clamps used to measure disturbance power on cables should be characterized in accordance with
Annex B of CISPR 16-1-3:2004-06; see also Annex C herein.

4.7.6 Cable insertion loss

The insertion loss of cables used for connection of antennas or transducers to measuring instruments (e.g.,
EMI receivers, spectrum analyzers) shall be characterized or checked frequently for deterioration caused by
use and environmental exposure (e.g., variation due to change in temperature and damage). Published
data®' have shown that temperature variations of 15 °C or more result in 2% or greater change in cable
losses. Consequently, the temperatures present during initial cable loss characterization and product testing
shall be recorded. When the temperature change exceeds 15 °C, the cable characterization shall be
repeated.

4.8 Figures for Clause 4
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NOTE—The discontinuity in the curve is due to the impedance values being derived from the two different circuits for
the 9 kHz to 150 kHz (Figure 2) and 150 kHz to 30 MHz (Figure 3) frequency ranges.

Figure 1—Nominal impedance characteristic of LISN port, 9 kHz to 30 MHz*

2! For example, see http://www.gore.com/en_xx/products/cables/microwave/changes_insertion_loss_phase.html.

22 Past editions of ANSI C63.4 contained an idealized continuous version of the LISN nominal impedance curve. Although the
previous idealized curve was within the + 20 % impedance tolerances corresponding to the piecewise curve of Figure 1, it did not
reflect the actual calculated responses of the circuits of Figure 2 and Figure 3 at frequencies above and below the 150 kHz break point.
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Figure 2—Circuit diagram of LISN to provide impedance of Figure 1
for the 9 kHz to 150 kHz (30 MHz?*) frequency range
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Figure 3—Circuit diagram of LISN to provide impedance of Figure 1
for the 0.15 MHz to 30 MHz frequency range

 Some designs and implementations support use of the Figure 2 circuit up to 30 MHz without impedance resonances or anomalies.
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Figure 4—Voltage probe for measurements at a user’s installation
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5. Test facilities

5.1 General requirements

5.1.1 General considerations

Radiated and ac power-line conducted emission measurements shall be made in an environment that
provides valid, repeatable measurement results (i.e., as described in 5.2 for ac power-line conducted
emission test sites or 5.3 through 5.5 for radiated emission test sites). Where appropriate, tests may be made
at the manufacturer’s location or the user’s installation (see 5.6). In any case, the requirements of this
subclause shall be observed.

5.1.2 Power source

Sufficient ac power shall be available to operate the EUT at its rated voltage, current, power, and
frequency.

5.1.3 Ambient radio noise and signals

AC power-line conducted and radiated ambient signal levels, measured at the test site in peak detection
mode (preliminary scans) with the EUT deenergized, shall be at least 6 dB below the allowable limit of the
applicable specification or standard. In the event that the measured levels of ambient plus EUT radio noise
are not above the applicable limit, the EUT shall be considered to be in accordance with the limit.

If the ambient field exceeds the applicable limit(s), the following alternatives may be used:

a) In the case of radiated emission measurements, perform measurements at the closest distance
permitted by 5.4.1 and extrapolate results to the specified limit distance. The method of
extrapolation shall be justified and described in the test report.

b) Perform radiated emission measurements of critical frequency bands during hours when broadcast
stations are off the air and at times when ambient signals from industrial equipment are reduced to
less than the 6 dB level.

¢) Perform measurements in an absorber-lined shielded room (see 5.4.2 for conditions of use).

d) Orient the radiated emission test site to discriminate against such ambient signals insofar as
possible.

e) If the signal being measured is a continuous wave (CW) signal or if only one single spectral
component of the signal to be measured is within the pass-band of the IF filter at any time, and if
the ambient electric field is broadband, then reduce the resolution bandwidth if using a spectrum
analyzer or reduce the bandwidth if using an EMI receiver.

f)  Rotate the EUT on a turntable while observing possible correlation between radiated emission
amplitude and EUT azimuth.

g) Monitor the audio output of the EMI receiver with a loudspeaker or headphones and its video
output with a time-based oscilloscope display to discriminate between ambient noise and signals
and EUT emissions.
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If the power-line ambient level exceeds the applicable limit(s), the following alternatives may be used for
ac power-line conducted emission testing:

—  Perform measurements in a shielded enclosure. However, this method is recommended only at
frequencies below the resonant frequencies of the enclosure, usually under 30 MHz.

— Insert suitable power-line filters between the power source and the LISN.

5.1.4 EUT turntable

A continuously rotating, remotely controlled turntable shall be used for installation at the test site to support
the EUT and facilitate determination of the direction of maximum radiation for 360° azimuth rotation at
each EUT emission frequency. For floor-standing EUTSs, the turntable shall be metal covered and flush with
the ground plane. For tabletop EUTs, the turntable may be nonmetallic and located on top of the reference
ground plane. Turntable design and operation should be based on the radiated emission measurement
requirements specified in 8.1 and adhere to the reflecting structure and ground plane limitations that
facilitate compliance with the NSA requirements. See ANSI C63.7 for additional specific guidance on
turntable installations.

5.1.5 EUT support table

Tabletop devices shall be placed on a nonconducting platform (i.e., an “EUT support table”), of nominal
size 1 m by 1.5 m, whose top surface is nominally 80 cm above the reference ground plane. Guidance on
the construction of EUT support tables is given in Annex J.

The effects of the EUT support table shall be included in the calculation and reporting of the measurement
uncertainty for radiated emissions measurements made on tabletop devices (i.e., see 10.2.8.2).

The method for evaluating the effects and the uncertainty contribution of the table on EUT radiated
emissions given in 5.5 of CISPR 16-1-4:2010-04 shall be used for frequencies from 200 MHz up to 1 GHz.
For 1 GHz to 18 GHz, the same method as for 200 MHz up to 1 GHz shall be used, except that the receive
antenna shall be kept at a fixed height of 1 m (without height scanning).

Because there is no generally accepted method for evaluating the effects of the table on EUT radiated

emissions above 18 GHz, there is no requirement for evaluating the effects of the table on EUT
radiated emissions from 18 GHz to 40 GHz.

5.1.6 Antenna positioner

A remote-controlled antenna positioner with continuously variable height is recommended for installation
at the site to support the measuring antenna and facilitate determination of the height of maximum radiation
at each EUT emission frequency, over a range of 1 m to 4 m above the reflecting plane. Antenna positioner

design and operation should be based on the radiated emission measurement requirements specified in 8.1,
and one shall facilitate compliance with the NSA requirements.

5.2 AC power-line conducted emission test requirements

5.2.1 General considerations

AC power-line conducted emission measurements may be made at a facility that meets the requirements of
5.2. This may include a shielded (screened) room or a radiated emission test site.
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5.2.2 Reference ground plane

The reference ground plane for measuring ac power-line conducted emissions is to consist of a floor earth-
grounded conducting surface, which may be the metal floor of a shielded test chamber. There shall be a
direct connection between the conducting surface and earth. It is NOT permissible to use the metallic
structure of a building as an intermediate path to ground.

The connection from the conducting surface should be accomplished by connecting (bonding) a tinned-
copper ground strap or a heavy ground lead to the conducting surface using a brass or bronze ground stud
fitted with brass or bronze washers and a nut or by brazing or sweat-soldering. The connection of the
ground strap or ground lead to a copper-plated steel earth (ground) rod should be made (bonded) by means
of a ground-cable clamp and/or by brazing or sweat-soldering. The bonds used shall each individually have
a direct current (dc) resistance of less than or equal to 2.5 mQ.

If a shielded enclosure is used to provide the reference ground plane, it is permissible to install the ground
stud on a metal wall of the shielded enclosure, provided that the metal wall of the shielded enclosure is
continuously bonded (by mechanical compression or by brazing, sweat-soldering, or welding) to the metal
floor of the shielded enclosure.

The reference ground plane shall be at least 2 m by 2 m in size, and it shall extend at least 0.5 m beyond the
vertical projection of the horizontal perimeter (i.e., footprint) of the EUT or EUT arrangement. For a floor-
standing EUT, if the EUT normally does not make electrical contact with a ground plane, then insulating
materials with thickness of up to 12 mm shall be used to cover the reference ground plane.

5.2.3 Vertical conducting plane

Optionally, for measurements of ac power-line conducted emissions for a tabletop device, a vertical
conducting plane or screen, with a size of at least 2 m by 2 m, may be located 40 cm to the rear of the EUT.
The vertical conducting plane or screen shall be electrically connected to the reference ground plane at
intervals not greater than 1 m along its entire length through low impedance connections (e.g., 3 cm wide
metal straps). The metal wall of a screen room will normally satisfy this requirement. A tabletop device
may be measured for ac power-line conducted emissions without a vertical conducting plane while
maintaining the 80 cm EUT elevation specified in 6.3.2. In case of a dispute, ac power-line conducted
emission measurements performed on a tabletop device with a vertical conducting plane in place shall take
precedence.

A vertical conducting plane is not required for ac power-line conducted emissions measurements on a

floor-standing device. A vertical conducting plane shall not be used for any radiated emission
measurements.

5.2.4 LISN installation

5.2.4.1 General considerations

LISNs may be required for ac power-line conducted emission measurements and may be utilized for
radiated emission measurements. For exceptions, see 5.6.

5.2.4.2 LISN connected to the reference ground plane

Where use of a LISN is required (see Clause 7), it shall be placed on and electrically bonded to the top
surface of, or immediately beneath, the reference ground plane and shall be bonded to the ground plane.
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The site reference ground plane is the ground reference for the LISN. The bond used shall have a dc
resistance of less than or equal to 2.5 mQ. If LISNs are kept on the test site for radiated emission
measurements, it is preferred that they be installed under the reference ground plane with the ac power
receptacle flush with the reference ground plane. Otherwise, the LISN(s) must be present during NSA
measurements.

The impedance at the receptacle end of any cable connected to the EUT end of the LISN (as contrasted to
the impedance at the LISN terminals given in Figure 1), with the measuring instrument port of the LISN
terminated into a 50 Q load, shall be within +30% and —20% of the nominal LISN impedance shown in
Figure 1 over the frequency range of the network to be used; see 4.3. If the attenuation (insertion loss)
between the EUT receptacle and the measuring instrument port on the LISN is more than 0.5 dB (see
Annex B for an example of a method of measurement), it shall be accounted for when calculating the EUT
emission levels.

5.2.4.3 Use of filters or isolation transformers

Ambient noise may be present on the ac power lines at some locations and at some frequencies within the
frequency range of interest. If the levels are sufficient to cause interference with readings made using a
LISN, filtering of the ac power may be required. The filter should be inserted between the ac power supply
and the ac input connection to the LISN, preferably as close as possible to the LISN to reduce interference
pickup by the leads between the filter and the LISN.

Where an isolation transformer is used between the ac power supply and the LISN, care shall be taken to
confirm that the rating of this transformer is large enough to not affect the peak current drawn by the EUT.
This may require up to 10 times the kilovolt-ampere rating of the EUT. If other than air-core inductors are
used in the LISN, they shall be in a linear permeability range at the peak currents drawn by the EUT.

5.2.5 Voltage probe

If use of a LISN is impossible because of the high current requirements of the EUT or if a reference ground
plane is not available, ac power-line conducted emission measurements shall be performed using a voltage
probe, as discussed in 4.4; see also 5.6.

5.3 Radiated emission test facilities (9 kHz to 30 MHz)

For magnetic field strength measurements (see 8.2.1), a site similar to that shown in Figure 5, should be
used, except that a reference ground plane is not required. The site does not have to meet an NSA
requirement at these frequencies because NSA is based on electric fields. If a reference ground plane is
present, the measured level of emissions may be higher than if measurements were made without a ground
plane. The magnetic field strength measurements made at a site with no reference ground plane shall take
precedence. If permitted by the regulatory and/or purchasing agency, measurements may also be made in a
shielded enclosure at frequencies below its resonant frequency, or in a TEM device (see Annex F).

5.4 Radiated emission test facilities (30 MHz to 1 GHz)

5.4.1 Standard test sites

The standard test site shall be an open, flat, level area that is clear of overhead wires and reflecting
structures and is sufficiently large to permit measuring antenna placement at the specified distance. This is
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commonly called an OATS when the ground is covered with conductive material. Adequate spacing shall
also be provided between the site, including the EUT and the measuring antenna, and any adjacent, large
reflecting structures. Reflecting structures are defined as objects or housings that are conductive or become
conductive over time (e.g., structures may absorb conductive airborne contaminants when in use). Test
personnel shall not be permitted within the perimeter of the area during testing. A conductive metal ground
plane shall cover the floor of the site, as described in 5.4.3. ANSI C63.7 provides additional important
guidance on the desired characteristics, construction, and deterioration possibilities of standard sites. A
suggested layout for the standard site is diagrammed in Figure 5, where the recommended EUT-to-antenna
distances R are 3 m, 10 m, and 30 m (measured along the main EUT-to-measurement-antenna axis). A
standard test site shall comply with the NSA requirements of 5.4.4. In case of disagreement, measurements
made at a standard test site take precedence.

5.4.2 Alternative test sites

Radiated emissions measurements may be made at certain types of alternative test sites. Alternative test
sites include RF absorber-lined metal test chambers with only the floor composed of a conductive material,
office or factory buildings large enough for reflections to not disrupt the field at the point of measurements,
and weather-protected OATS because the potential effects of the cover material cannot be shown without
volumetric NSA measurements. All such alternative sites shall comply with the volumetric NSA
requirements of D.3 over the volume occupied by the EUT or the EUT arrangement in order to be
acceptable as an alternative test site. Metal-shiclded enclosures and other sites that do not comply with the
volumetric NSA requirements may be used only for exploratory radiated emission measurements, unless it
can be demonstrated that the results achieved are equivalent to those obtained at a standard or alternative
site that complies with the appropriate NSA requirement. In addition, measurements may be made in a
TEM device under certain conditions; see Annex F.

5.4.3 Reflecting ground plane

A reflecting ground plane shall be installed on the floor of the radiated electric field emission test site to
provide a uniform, predictable reflection of radiated emissions measured at the site. The ground plane shall
be constructed of metallic material with limited discontinuities and sufficiently high conductivity and
surface smoothness to facilitate compliance with the NSA requirements. The surface smoothness of the
ground plane shall comply with the maximum values for terrain roughness defined by the Rayleigh
criterion, as shown in ANSI C63.7. Ground planes with discontinuities (including connection point
separation between adjacent metallic materials) larger than 3.0 cm, or with overall size less than the
minimum configuration shown in Figure 5, are not recommended; see ANSI C63.7 for guidance about test
sites in the frequency range of 30 MHz to 1 GHz.

5.4.4 Site validation

5.4.4.1 General requirements

Radiated emission test sites shall be validated by measurement of the attenuation of signals propagated over
the site and compared with theoretical attenuation of signals propagated over an ideal site. Horizontally and
vertically polarized attenuation measurements shall be made over the frequency range of 30 MHz to 1 GHz.
These measurements shall be made in accordance with the procedures of D.2 and/or D.3, as applicable, and
the results normalized for comparison with the theoretical attenuation values.

During site attenuation measurements, the receiving antenna positioner normally used, the raised turntable
if used, and ground-plane-mounted LISNs (see 5.2.4.2) shall be in place at the site. If special antenna
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connecting cabling is required to meet the site validation requirements, the same or similarly treated
cabling with the same RF characteristics shall also be used for radiated emissions testing.

5.4.4.2 Site acceptability criterion

The measured NSA for a radiated emissions test site shall be within + 4 dB of the theoretical NSA for an
ideal test site (see D.1).

5.4.4.3 Site validation interval

Validation of the acceptability criterion shall be confirmed in the first year for a new site or one that has
undergone physical and electrical upgrades or changes. Subsequent validation intervals may be longer (up
to 3 years) or shorter, based on a review of NSA data relative to the extent and severity of use of the site,
weather effects on the site, drifting of reflective characteristics of covering structures of weather-protected
OATS, and physical modifications made to the site or adjacent areas (see ANSI C63.7). It is recommended
that periodic site-attenuation measurements be made in order to detect anomalies due to degradation of all-
weather protection caused by weather conditions (moisture absorption, for example) or contamination of
enclosure materials. A 12-month interval is generally adequate unless physical signs indicate material
degradation sooner; that is, the weather-proofing material changes color due to airborne contaminants. In
those cases, a 6-month interval is recommended. The objective is to optimize the balance of risks and costs
consistent with the required accuracy; see also Annex A of ISO 10012:2003 for more guidance.

5.5 Radiated emission test facilities for frequencies above 1 GHz
(1 GHz to 40 GHz)

5.5.1 General

A test facility (i.e., test site) may be deemed acceptable for making final compliance radiated emissions
measurements in the frequency range of 1 GHz to 40 GHz, regardless of whether it complies with the site
validation requirements for the 30 MHz to 1 GHz frequency range described in 5.4.1 for standard test sites
or 5.4.2 for alternative test sites.

It is explicitly permitted to convert a test site from use over the frequency range of 30 MHz to 1 GHz to use
over the frequency range of 1 GHz to 40 GHz by placing loose-laid RF absorber material on the ground
plane. It is also explicitly permitted to convert a test site from use over the frequency range of 1 GHz to
40 GHz to use over the frequency range of 30 MHz to 1 GHz by removing loose-laid RF absorber material
on the ground plane.

a) For a measurement distance of 3 m, test facilities (i.e., test sites) used for making final compliance
radiated emissions measurements in the frequency range of 1 GHz to 40 GHz are deemed to be
acceptable when either of the following conditions [i.e., item 1) or item 2)] is met.

1) Site validation by means of Syswr measurements: The test site has been shown to comply
with the Syswr requirements specified in 8.3.2 of CISPR 16-1-4:2010-04 over the frequency
range of 1 GHz to 18 GHz, when tested in accordance with the site validation procedures
requirements specified in 8.3.3 of CISPR 16-1-4:2010-04. Additionally, the RF absorbing
material used on the reference ground plane (i.e., the ground plane of an OATS or the
conductive metal floor of an RF anechoic chamber, as applicable) and on the turntable shall
have a maximum height (thickness) of 30 cm (12 in) and shall have a minimum-rated
attenuation of 20 dB (at normal incidence) at all frequencies from 1 GHz to 18 GHz.
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NOTE—When performing the site validation procedures specified in 8.3.3 of CISPR 16-1-4:2010-04,
an automated multiple-axis translational positioner (i.e., mechanical translation stage), typically an xy-
axes positioner, may be used to move the precision broadband omnidirectional dipole antenna, if
desired.

2)  Alternative site validation without Syswr measurements: RF absorbing material is placed
on the test site ground plane and turntable, covering a minimum area with length of (2.3 m +
turntable diameter, in m) or 3.8 m, whichever is greater, and width of 3.6 m, for a 3 m test
distance between the antenna and the center of the turntable; normative Figure 6 shows the
geometry. The layout diagram of Figure 6 applies to the measurement axis selected for
compliance measurements, and other considerations may be needed related to the extent of
the overall ground plane or the placement of the center axis of the test site.

Other descriptions for the setup and parameters of normative Figure 6 are as follows:

i)  The RF absorbing material used on the reference ground plane (i.e., the ground plane of
an OATS or the conductive metal floor of an RF anechoic chamber, as applicable) and
on the turntable shall have a maximum height (thickness) of 30 cm (12 in) and shall
have a minimum-rated attenuation of 20 dB (at normal incidence) at all frequencies from
1 GHz to 18 GHz.

ii)  The footprint of the RF absorber material must extend a minimum of 30 cm (12 in)
beyond the edges of the gap between the turntable and the reference ground plane of the
test site. The gap between the turntable and the reference ground plane of the test site
does not need to be covered with RF absorber. Additionally, if necessary to avoid
mechanical clearance problems, a zone that extends up to = 1 cm (nominal) from the
edges of the gap between the turntable and the reference ground plane of the test site
does not need to be covered with RF absorber material.

iii) The footprint of the RF absorber material must extend from a minimum of 50 cm behind
the phase center of the antenna forward to a minimum distance of (2.3 m + turntable
diameter, in m) or 3.8 m, whichever is greater. If necessary, the RF absorber material
may be placed on the base-plate of the antenna mast, regardless of the resulting height of
the tips of the RF absorbing materials, as long as the movement of the antenna at its
lowest height (i.e., 1 m from the floor to the phase center of the antenna) is not impeded.

iv)  The footprint of the RF absorber material must extend a minimum of 1.8 m leftward and
rightward of a horizontally projected line from the phase center of the antenna to the
center of the turntable. In other words, the total minimum width of the footprint of the
RF absorber material must be 3.6 m.

v)  Except as indicated in item 2) ii) of this list, the turntable must be entirely covered with
RF absorber material; however:

— During radiated emission testing of table-top-mounted EUTs, the RF absorbing
material placed on the turntable may be removed in the immediate area of the
footprint of the table and for up to 10 cm surrounding the footprint of the table.

— During radiated emission testing of floor-standing EUTs, the RF absorbing material
placed on the turntable may be removed in the immediate area of the EUT footprint
and for up to 10 cm surrounding the EUT footprint.

b) For measurement distances of 10 m, test facilities (i.e., test sites) used for making final compliance
radiated emissions measurements in the frequency range of 1 GHz to 40 GHz are deemed to be
acceptable only if the test site has been shown to comply with the Syswr requirements specified in
8.3.2 of CISPR 16-1-4:2010-04 over the frequency range of 1 GHz to 18 GHz, at the desired
separation distance(s), when tested in accordance with the site validation procedures requirements
specified in 8.3.3 of CISPR 16-1-4:2010-04. Additionally, the RF absorbing material used on the
reference ground plane (i.e., the ground plane of an OATS or the conductive metal floor of an RF
anechoic chamber, as applicable) and on the turntable shall have a maximum height (thickness) of
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30 cm (12 in) and shall have a minimum-rated attenuation of 20 dB (at normal incidence) at all
frequencies from 1 GHz to 18 GHz.

c¢) Regardless of the measurement distance:

1) During radiated emission testing of table-top-mounted EUTs, the RF absorbing material
placed on the turntable may be removed in the immediate area of the footprint of the table and
for up to 10 cm surrounding the footprint of the table.

2)  During radiated emission testing of floor-standing EUTs, the RF absorbing material placed on
the turntable may be removed in the immediate area of the EUT footprint and for up to 10 cm
surrounding the EUT footprint.

There are no test site validation requirements applicable to the frequency range of 18 GHz to 40 GHz. A
test site that satisfies the requirements stated in this subclause from 1 GHz to 18 GHz is deemed to be
suitable for use over the frequency range of 18 GHz to 40 GHz.

5.5.2 Validation interval

When the Syswr acceptance criterion (as specified in CISPR 16-1-4:2010-04) option is selected, the site
validation shall be confirmed in the first year for a new site or one that has undergone physical and
electrical upgrades or changes. Subsequent validation intervals may be longer (up to 3 years) or shorter,
based on the extent and frequency of use of the site and any modifications made to it. A 12-month interval
is generally adequate for the validation of a site to facilitate continual compliance with the Syswr
requirements. See also Annex A of ISO 10012-1:2003 for further guidance in establishing a suitable
validation interval based on the results of periodic checks.

5.6 Testing at manufacturer’s location or user’s installation (on-site/in situ testing)

Testing is permitted at the end user or manufacturer’s premises, if the equipment cannot be set up on an
OATS or alternative test site (see 8.3.3). In this case, both the equipment and its location are considered the
EUT. The radiated emission test results are unique to the installation site because site containment
properties affect the measurements. The ac power-line conducted emission test results also may be unique
to the installation. However, where testing of a given system has been accomplished at three or more
representative locations, the results may be considered representative of all sites with similar EUTs for the
purposes of determining compliance with emission requirements (if allowed in the regulatory and/or
purchasing agency requirements). A voltage probe (see 4.4) shall be used for ac power-line conducted
emission measurements (see IEEE Std 139-1988 for additional information). Neither a reference ground
plane nor a LISN shall be installed for user’s installation testing, unless one or both are to be a permanent
part of the installation.
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5.7 Figures for Clause 5
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Figure 5—Radiated emissions measurement obstruction-free area
and minimum size of ground plane for test site with a turntable
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