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Abstract: U.S. consensus standard methods, instrumentation, and facilities for measurement of
radio-frequency (RF) signals and noise emitted from lighting equipment in the frequency range
from 9 kHz to 40 GHz are specified. Generic nor product-specific emission limits are not included
in this standard. Where possible, the specifications herein are harmonized with other national and
international standards used for similar purposes.
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Important Notices and Disclaimers Concerning USEMCSC Standards
Documents

USEMCSC standards documents are made available for use subject to important notices and legal
disclaimers.

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

USEMCSC develops its standards through an accredited consensus development process, which brings
together volunteers representing varied viewpoints and interests to achieve the final product. USEMCSC
standards are documents developed by volunteers with scientific, academic, and industry-based expertise in
technical working groups. Volunteers are not necessarily members of USEMCSC, and participate without
compensation from USEMCSC. While USEMCSC administers the process and establishes rules to promote
fairness in the consensus development process, USEMCSC does not independently evaluate, test, or verify
the accuracy of any of the information or the soundness of any judgments contained in its standards.

USEMCSC makes no warranties or representations concerning its standards, and expressly disclaims all
warranties, express or implied, concerning this standard, including but not limited to the warranties of
merchantability, fitness for a particular purpose and non-infringement. In addition, USEMCSC does not
warrant or represent that the use of the material contained in its standards is free from patent infringement.
USEMCSC standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of a USEMCSC standard is wholly voluntary. The existence of a USEMCSC 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 USEMCSC 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, USEMCSC is not suggesting or rendering professional or
other services for, or on behalf of, any person or entity, nor is USEMCSC undertaking to perform any duty
owed by any other person or entity to another. Any person utilizing any USEMCSC 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 USEMCSC standard.

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

Translations

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

A statement, written or oral, that is not processed in accordance with C63® Standards Committee policies
and procedures shall not be considered or inferred to be the official position of USEMCSC or any of its
committees and shall not be considered to be, nor be relied upon as, a formal position of USEMCSC. At
lectures, symposia, seminars, or educational courses, an individual presenting information on USEMCSC
standards shall make it clear that the presenter’s views should be considered the personal views of that
individual rather than the formal position of USEMCSC, IEEE, the C63 Standards Committee or any C63
Working Group.

Interpretations

Current interpretations are essential to the understanding of all C63 standards. To assist in the meanings of
requirements, informative interpretations are available at the following URL: https:/www.c63.org/
documents/misc/posting/new_interpretations.htm. Users are cautioned that, although interpretations do not
and cannot 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 C63® ANSI-accredited operating procedures) to incorporate the interpretation as a normative
requirement.

Comments on standards

Comments for revision of USEMCSC standards documents are welcome from any interested party,
regardless of membership affiliation with USEMCSC.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since USEMCSC 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, USEMCSC is not able to provide an instant response to comments or questions,
except in those cases where the matter has previously been addressed. Any person who would like to
participate in evaluating comments or in revisions to a USEMCSC standard is welcome to join the relevant
USEMCSC C63 Standards Committee working group. You can indicate interest in a working group by
sending a request to sasecretariat@ieee.org.

Comments on standards should be submitted using the Contact Us form.!

Laws and regulations

Users of USEMCSC standards documents should consult all applicable laws and regulations. Compliance
with the provisions of any USEMCSC standards document does not constitute compliance to any
applicable regulatory requirements. Implementers of the standard are responsible for observing or referring
to the applicable regulatory requirements. USEMCSC 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.

Data privacy

Users of USEMCSC Standards documents should evaluate the standards for considerations of data privacy
and data ownership in the context of assessing and using the standards in compliance with applicable laws
and regulations.

! Available at: https:/standards.ieee.org/content/ieee-standards/en/about/contact/index.html.
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Copyrights

USEMCSC draft and approved standards are copyrighted by USEMCSC and IEEE under US and
international copyright laws. They are made available by USEMCSC and 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, USEMCSC
and IEEE do not waive any rights in copyright to the documents.

Photocopies

Subject to payment of the appropriate licensing fees, 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;
https://www.copyright.com/. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

Updating of USEMCSC standards documents

Users of USEMCSC 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 USEMCSC 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 USEMCSC standard is subjected to review at least every 5 years. When a document is more than 5
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 USEMCSC 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 IEEE Xplore? or contact IEEE.3 For more
information about the USEMCSC’s standards development process, visit the USEMCSC Website.*

Errata

Users are encouraged to check the IEEE Errata URL (https://standards.ieee.org/findstds/errata/index.html),
and the one for ANSC C63® at https://www.c63.org/explanations_interpretations_request.htm, for errata
periodically.

Patents

USEMCSC standards are developed in compliance with the ANSI Essential Requirements.>

NOTE—The user’s attention is called to the possibility that compliance with this standard may require use of an
invention covered by patent rights.

By publication of this standard, no position is taken with respect to the existence or validity of any such
claim(s) or of any patent rights in connection therewith. If a patent holder or patent applicant has filed a

2 Available at: https://ieeexplore.ieee.org/browse/standards/collection/ieee.

3 Available at: https://standards.ieee.org/standard/index.html.

4 Available at: https://www.c63.org/.

5 Available at: https://www.ansi.org/american-national-standards/ans-introduction/essential-requirements.
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statement of willingness to grant a license under these rights on reasonable and nondiscriminatory terms
and conditions to applicants desiring to obtain such a license, then details may be obtained from the
standards developer (https://www.c63.org/documents/misc/patents).

Essential Patent Claims may exist for which a statement has not been received. The USEMCSC is not
responsible for identifying 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 statement, 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.

IMPORTANT NOTICE

USEMCSC standards do not guarantee or ensure safety, security, health, or environmental protection, or
ensure against interference with or from other devices or networks. USEMCSC standards development
activities consider research and information presented to the standards development group in developing
any safety recommendations. Other information about safety practices, changes in technology or
technology implementation, or impact by peripheral systems also may be pertinent to safety considerations
during implementation of the standard. Implementers and users of USEMCSC standards documents are
responsible for determining and complying with all appropriate safety, security, environmental, health, data
protection, and interference protection practices and all applicable laws and regulations.

ANSI C63.29-2022 requires the use of a color monitor (and color printer)
to view many of the graphics contained in this standard.

Color is essential to the understanding of the graphics.
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Introduction

This introduction is not part of ANSI/USEMCSC C63.29-2022, American National Standard for Methods of Measurement
of Radio-Frequency Emissions from Lighting Devices.

This standard specifies procedures for verifying the electromagnetic (EMC) compliance of lighting
equipment of various categories including, but not limited to: self-ballasted lamps, luminaires (light
fixtures), dimmers, etc. and of various technologies, such as fluorescent, gas-discharge, light emitting diode
(LED), etc.

This first edition includes measurement procedures applicable to lighting equipment of types and
technologies that are or are soon to be introduced on the market at the time of publication of this standard.
As new designs and technologies mature, they can be addressed in future revisions of this standard.

Lighting devices have been transforming from passive devices operating mostly at 60 Hz into electronic
devices. Some of the earliest electronic lighting appliances were compact fluorescent lamp ballasts, which
initially operated at frequencies of 25 kHz and later at frequencies of 45 kHz; regardless, this technology
brought lighting devices into the scope of regulatory requirements applicable to unintentional radiators.
Electronic ballasts were considered to be evaluated under FCC part 18 [B11] and to be measured using the
MP-5 [B12]° test methods since then. Two electronic compact fluorescent ballasts were introduced: one, an
integral unit with the fluorescent lamp (called self-ballasted lamp), and another presented as an “adaptor,”
which provided high-frequency power to a “plugged-in” fluorescent lamp to operate. Both, the self-
ballasted lamp and the adaptor, included a lamp base similar to the incandescent lamp intending to retrofit
incandescent lamps into existing consumer lamps. Consideration for high-frequency emissions were
typically addressed at the self-ballasted lamp level and usually at the adaptor level.

Other types of fluorescent ballasts followed, including dimming ballasts, which expanded the frequency of
operation above 100 kHz. Later, induction lamp drivers and high-frequency electronic ballasts were
introduced, pushing the lamp current frequency into the MHz band. The Federal Communications
Commission (FCC) introduced an amendment to FCC part 18 to accommodate these technologies.
Electronic fluorescent ballasts were massively retrofitted in commercial and industrial luminaires in the late
1980s and 1990s. These luminaires were originally powered with magnetic ballasts. Similarly, high-
frequency emissions were addressed at the fluorescent ballast level because they were meant to replace
magnetic ballasts already being used in luminaries. No amendments were introduced to FCC part 18 or
MP-5 [B12] at that time.

The United States supply chain evolved to operate as follows: luminaire manufacturers produced the
mechanical enclosure, with the optics control, and purchased the light source and the electronics from a
third party. Manufacturers of ballasts and self-ballasted lamps conducted the necessary high-frequency
emission testing and kept records.

Currently, three new technology innovations are transforming the emission frequencies and levels from
lighting devices: 1) the use of microprocessors, 2) the massive adoption of LED light sources, and
3) connected lighting systems. The first two changed the emissions nature and the last one brought
intentional radiators into consideration. The FCC clarified that LED RF devices are to be evaluated under
FCC part 15. There is a massive penetration of LED self-ballasted lamps with a newcomer, the tubular
LED (TLED) lamp. These light sources evolved in three major ways: powered from the mains (similar to a
self-ballasted lamp), powered from the existing ballast, and powered from a dedicated LED driver. Self-
ballasted lamps have been tested similarly to fluorescent self-ballasted lamps: the TLEDs that are mains-
connected are tested while mounted in a luminaire. The TLEDs operated from a ballast are supported in the
initial ballast verification.

¢ The numbers in brackets correspond to those of the bibliography in Annex J.
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This ANSI C63.29 standard aims to replace MP-5 [B12] to modernize lighting device testing by using the
methods specified in ANSI C63.47 and CISPR 15 [B5].
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American National Standard for
Methods of Measurement of
Radio-Frequency Emissions from
Lighting Devices

1. Overview

1.1 Scope

This standard includes procedures for evaluating the compliance of lighting devices with applicable
electromagnetic compatibility (EMC) requirements. Test procedures for radiated field strength and
conducted disturbance measurements are included, with reference to established standards, where
applicable. This standard covers measurement methodologies, but is not intended to describe regulatory
limits.

Some regulatory agencies classify lighting devices either as Industrial, Scientific and Medical (ISM)
equipment or as digital equipment, depending on its technology. However, if the lighting device includes
any wireless modules (intentional radiator, e.g., IEEE 802.11), that portion of the lighting device is usually
classified as radio apparatus. This standard includes methods for evaluating the compliance of the lighting
device, excluding its radio apparatus portion (if any), with the applicable EMC limits, as specified by the
purchasing agency or regulatory authority. Compliance evaluation procedures for radio apparatus are
usually subject to other testing procedures; e.g., ANSI C63.10 [B1],” ANSI C63.26 [B2], and/or additional
or other applicable requirements, as specified by the purchasing agency or regulatory authority. This
standard does not cover the testing of other types of ISM equipment, incidental or un-intentional radiators.

This standard is also not intended to specify measurement techniques or limits for radio frequency (RF)
exposure, electric shock, or electrostimulation due to electromagnetic fields generated by lighting devices.

Measurement methods are included for radiated and alternating current (ac) mains power-line conducted
emissions that can be generated by a variety of lighting devices, as described in 1.2. For correctly
measuring such emissions, this standard prescribes a sequence of three procedures: frequency identification
[for determining the equipment under test (EUT) emission frequencies], exploratory measurements (for
determining the set of conditions under which the EUT generates the highest emission relative to the
applicable limit), and maximization (manipulation and operation of test instrumentation for determining the
level of the highest emission from the EUT). These three processes are defined in 3.1.

° The numbers in brackets correspond to those of the bibliography in Annex J.
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Definitions are provided for terms and phrases contained in the text, in which the words do not represent
obvious or common usage. 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 also included. The main text is
augmented by a series of annexes that provide other useful information or normative requirements.

In this standard, the associated figures are placed at the end of each clause.

The methods in this standard are intended for measuring emissions from the equipment under test in the
9 kHz to 40 GHz frequency range.

1.2 Purpose and applications

1.2.1 General

This standard specifies the methods of measurement to be used for evaluating compliance with the
applicable radiated and ac mains power-line conducted emissions requirements for lighting devices in wide
use (such as luminaires, self-ballasted lamps, dimmers, etc.).

Emission limit requirements shall be obtained from the applicable voluntary or regulatory sources.

Not all clauses in this standard are applicable to all devices that are subject to this standard. The nature of
this standard is to specify general methods that shall be applied to all devices in its scope and to supplement
these methods with particular requirements for some specific categories of lighting devices. Device-
particular requirements take precedence over general requirements.

This edition of ANSI C63.29 applies to the following general categories of lighting devices:

a)  Active luminaires (i.c., active light fixtures; see 3.1)

b) The lighting components of multi-function equipment if one of the primary functions of this
equipment is illumination

¢) Ultraviolet (UV) and infrared (IR) radiation equipment

d) Active components (example: ballast, drivers, dimmers, lamps and other; see 3.1) intended
exclusively for use with lighting devices or in lighting installations and which are marketed
independently

e) Simple advertising signs, i.e., advertising signs other than those in 1.2.2e)4)
EXAMPLE—Neon tube signs, emergency exit signs.
f)  Decorative and entertainment lighting

As new lighting technologies mature, this standard might need to be revised or a follow-up amendment
might need to be developed to include them.
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1.2.2 Exclusions
This edition of ANSI C63.29 does not apply to the following categories of lighting devices:

a) Passive lighting devices, such as passive luminaires

NOTE 1— Passive lighting devices, i.e., that do not include any active/switching electronic components nor
any gas-discharge lighting devices or associated components, are usually considered to be compliant with the
applicable limits without testing. '°

EXAMPLE—Luminaires with no electronics (e.g., consisting only of the chassis and power cable).

b) Subassemblies or components intended to be built into lighting devices and that are not user-
replaceable

c¢) Lighting devices used inside aircraft
d) Installations

e) Equipment that includes lighting sub-components, but that does not have illumination as one of its
primary functions. Some examples are:
1)  Equipment with built-in lighting devices for display back-lighting or signaling
NOTE 2—Such equipment is in principle subject to ANSI C63.4, since it includes digital circuits.
2)  Range hoods, refrigerators

3) Photocopiers, projectors (see NOTE 2 above)

4) Large advertising signs that include many individual lamps and are capable of displaying
complex images or moving pictures (see NOTE 2 above)

5) Lighting devices used in motorized vehicles or boats for purposes exclusively related to traffic
signaling and safe operation of the vehicle/boat, such as headlights or turn/stop signals, and
which is factory-installed by the manufacturer of the vehicle / boat

NOTE 3— Lighting devices used in recreational vehicles (RVs), for purposes other than traffic signaling
(i.e., headlights and/or turn/stop signals), is not covered by the above exclusion. Such lighting devices
are operated when the RV is used as a residential dwelling and, as such, they are in the scope of
ANSI C63.29.

NOTE 4—Lighting devices not factory-installed in the vehicle/boat, such as floodlights for after-market
installation on top of the cabin of a truck, are components that are marketed independently and, as such,
are in the scope of ANSI C63.29.

1.2.3 Additional information for the application of ANSI C63.29

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 mains power-line conducted and radiated emission
measurements, together with detector function to be used for each limit (e.g., positive peak, quasi-
peak, or linear average)

b)  What lighting device categories are considered residential or otherwise subject to Class B limits, if
applicable

¢) Resolution bandwidth setting to be used on the measuring instrument for each test case, limit, and
frequency range, if different from the bandwidth settings set out in this standard

19 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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d) Measurement antenna distance for radiated emission measurements for each applicable frequency
range and for each applicable limit

e) Extrapolation factor to be used when the limit is specified at a distance that is not practical for
measurement, if different from the requirements in 9.2

f)  Identification of any uncommon requirements or of any requirements that differ from those
specified herein

g) Any requirement concerning statements of uncertainty of the measurement results (see ISO/IEC
17025:2017'"), if different from those in 1.6 (see also 10.3.7.2)

1.3 Word usage

For clarity in what is meant by the use of certain verbs in this standard, the following defines what each
verb shown means:

—  The word shall indicates a mandatory requirement strictly to be followed in order to conform to the
standard and from which no deviation is permitted (shall equals is required to).'> '3

— The word should indicates that among several possibilities one is recommended as particularly
suitable, without mentioning or excluding others; or that a certain course of action is preferred but
not necessarily required (should equals is recommended that).

— The word may is used to indicate a course of action permissible within the limits of the standard
(may equals is permitted to).

— The word can is used for statements of possibility and capability, whether material, physical, or
causal (can equals is able to).

NOTE—Use of these verbs follows the requirements in the 2021 IEEE SA Standards Style Manual.'#

1.4 Additional word usage conventions

The word shall used in an informative annex indicates a mandatory requirement for the use of that annex
(i.e., while the annex is not normative, if the user chooses to use it, then the mandatory requirements stated
therein using the word shall indicate requirements that have to be met to satisfy this standard). The use of
that annex makes all shall statements therein conditionally normative, i.e., if the annex is selected for use,
then each shall statement in that annex becomes normative for the application of this standard.

The word might is used to express a chance or possibility that something will happen or exist in the future.

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.

! Information on references can be found in Clause 2.

12 The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe
unavoidable situations.

13 The use of the word will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of
fact.

14 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.
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In this standard, figures are normative only if identified by inclusion of the word “normative” in the figure
caption. In general, 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 (e.g., the list paragraphs
in Figure 3 through Figure 12).

1.5 Dimensional tolerances

Tolerances for spatial dimensional requirements specified in this standard are given in the tables of the
normative Annex A and shall be used to provide the required tolerance.

Wherever non-spatial parameters are stated in this standard (e.g., a “50 Q” system), they are not normally
accompanied by a normative tolerance requirement.

To aid in knowing when tolerances are to be used, a parenthetical statement follows those dimensions in
the text. The wording simply says, e.g., “(see row #3 of Table A.1)” to lead the user to the applicable
tolerance.

NOTE—Nominal dimensions are those dimensions that are stated without a specified tolerance. By definition, nominal
dimensions should have tolerances that are consistent with good engineering practice. In particular, tolerances selected
by users should be at least an order of magnitude less than the dimensional requirements themselves.

1.6 Measurement uncertainty

The reporting of measurement results of emissions from lighting devices shall be accompanied by
corresponding measurement instrumentation uncertainty estimation (see 10.3.7.2). Determining compliance
shall be based on the results of the compliance measurements, not taking into account the measurement
instrumentation uncertainty. However, the measurement instrumentation uncertainty shall be calculated for
each test case performed, as per the requirements below, and both the measurement results and the
calculated measurement uncertainty shall appear in the test report.

Measurement instrumentation uncertainty shall be calculated as per the guidelines in ANSI C63.23 and the
actual calculation method shall be available for inspection by any interested third party, but shall be based
on the actual instrumentation and test site used by the specific test lab. Measurement instrumentation
uncertainty need not be calculated and reported for test cases that are not covered in ANSI C63.23.

NOTE—CISPR 16-4-2 [B9] is normatively referenced in ANSI C63.23.

2. Normative references

The following referenced documents are indispensable for the application of this standard (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained).

Where a dated reference to a specific clause, subclause, table, figure, or annex of another document is made
in this standard, it is acceptable to use a more recent edition of the referenced document, or an older one,
provided identical text exists in both editions of that document for the referenced clause, subclause, table,
figure, or annex.
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ANSI C63.2-2016, American National Standard for Specifications of Electromagnetic Interference and
Field Strength Measuring Instrumentation in the Frequency Range 9 kHz to 40 GHz.'*

ANSI C63.4-2014 (amended per ANSI C63.4a-2017), 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.

ANSI C63.5-2017/Cor 1-2019, American National Standard for Electromagnetic Compatibility—Radiated
Emission Measurements in Electromagnetic Interference (EMI) Control—Calibration and Qualification of
Antennas (9 kHz to 40 GHz)—Corrigendum 1.

ANSI C63.7-2015, American National Standard Guide for Construction of Test Sites for Performing
Radiated Emission Measurements.

ANSI C63.14-2014, American National Standard Dictionary of Electromagnetic Compatibility (EMC)
including Electromagnetic Environmental Effects (E3).

ANSI C63.23-2012, American National Standard Guide for Electromagnetic Compatibility—Computations
and Treatment of Measurement Uncertainty.

ANSI C63.25.1-2018, American National Standard Validation Methods for Radiated Emission Test Sites,
1 GHz to 18 GHz.

CISPR 16-1-1:2019-05, Specification for radio disturbance and immunity measuring apparatus and
methods—Part 1-1: Radio disturbance and immunity measuring apparatus—Measuring apparatus,
Ed. 5.0.1

CISPR 16-1-2:2017-11, Specification for radio disturbance and immunity measuring apparatus and
methods—Part 1-2: Radio disturbance and immunity measuring apparatus—Coupling devices for
conducted disturbance measurements, Ed. 2.1.

CISPR 16-1-4:2020-06, Specification for radio disturbance and immunity measuring apparatus and
methods—Part 1-4: Radio disturbance and immunity measuring apparatus—Antennas and test sites for
radiated disturbance measurements, Ed. 4.1.

CISPR 16-1-6:2017-01, Specification for radio disturbance and immunity measuring apparatus and
methods—Part 1-6: Radio disturbance and immunity measuring apparatus—EMC antenna calibration,
Ed. 1.1.

CISPR 16-2-3:2019-06, Specification for radio disturbance and immunity measuring apparatus and
methods—Part 2-3: Methods of measurement of disturbances and immunity—Radiated disturbance
measurements, Ed. 4.1.

ISO/IEC 17025:2017, General requirements for the competence of testing and calibration laboratories. !’

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

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

16 CISPR documents are available from the International Electrotechnical Commission (www.iec.ch/) and the American National
Standards Institute (www.ansi.org/).

17 I1SO publications are available from the ISO Central Secretariat (www.iso.ch/) and the American National Standards Institute

(www.ansi.org/).
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3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The [EEE Standards
Dictionary Online'® and ANSI C63.14 should be consulted for terms not defined in this subclause. '

NOTE—AII the definitions in this subclause are written such that they can replace the corresponding term in its context
within this standard. Therefore, the text of a definition does not start with an article (e.g., “the,” or “a”) nor end with a
period.

active antenna: Antenna system with integral amplifiers, preamplifiers, and/or other nonlinear active
devices that amplify the signal and/or shape the frequency response. (adapted from CISPR 16-1-4:2020-06,
A.4.2.4) Contrast: passive antenna.

NOTE 1—Examples of active antennas used for electromagnetic compatibility (EMC) measurements include active
loop antennas and active double-ridge guide horn antennas.

NOTE 2—1In contrast, the text in A.4.2.4 of CISPR 16-1-4:2020-06 is: “A broadband antenna is considered an active
antenna if it contains amplifiers, preamplifiers, and other non-linear active devices that amplify the signal or shape the
frequency response or both.” 20

ambient level: Values of radiated and conducted signal and noise existing at a specified test location and
time when the test sample (i.e., the EUT) is not activated.

ancillary equipment: Transducer or other equipment connected to the measurement instrument and used
in the disturbance signal transfer between the EUT and the measurement instrument. (adapted from
CISPR 16-1-2:2017-11)

NOTE 1—Examples of ancillary equipment: line impedance stabilization network (LISN), voltage probe, antenna,
cable, preamplifier, attenuator, filter.

NOTE 2—In contrast, the definition in 3.1.1 of CISPR 16-1-2:2017-11 is: “transducers connected to a measuring
receiver or (test) signal generator and used in the disturbance signal transfer between the EUT and the measuring or test
equipment.” 2!

antenna factor: Ratio of the electric (or magnetic) field strength £ (or H) in the polarization direction (or
orientation) of the antenna to the voltage induced across the load connected to the antenna terminals ¥, and
expressed in decibel form [20 log (E/V5) or 20 log (H/V,)]. (adapted from ANSI C63.5-2017)

NOTE 1—The electrical antenna factor has a logarithmic unit of dB(1/m) and a linear unit of 1/m. The magnetic
antenna factor has a logarithmic unit of dB(S/m) and a linear unit of S/m.

NOTE 2—1In contrast, the text in 3.1 of ANSI C63.5-2017 is: “Ratio of the electric field strength (£) in the polarization
direction of the antenna to the voltage (Vo) induced across the load connected to the antenna and expressed in decibel
form [20 log (E/V,)]. The AF has units of dB(1/m) in logarithmic units and 1/m in linear units.”

BJEEE Standards Dictionary Online is available at: http:/dictionary.ieee.org. An IEEE Account is required for access to the
dictionary, and one can be created at no charge on the dictionary sign-in page.

19 References to standards enclosed in square brackets in the definition clause (3.1) are for information only.

20 Copyright © 2020 IEC Geneva, Switzerland, www.iec.ch.

2l Copyright © 2017 IEC Geneva, Switzerland, www.iec.ch.

Documents

20 Document Sharing Hub

Copyright © 2023 USEMCSC and IEEE. All rights reserved.

Full document details: IEEE C63.29-2022


http://www.avadocuments.com/doc/ieee-c63-29-2022
http://www.avadocuments.com/doc/ieee-c63-29-2022

ANSI/USEMCSC C63.29-2022
American National Standard for Methods of Measurement of Radio-Frequency Emissions from Lighting Devices

auxiliary equipment (AE): Peripheral equipment that is part of the EUT and is marketed together with the
EUT as a package.

NOTE 1—Examples of AE: keyboard, mouse, and monitor marketed together with a desktop personal computer (PC);
ac mains power adapter marketed together with a laptop PC. AE is included in the EUT arrangement and tested
together with the EUT (as illustrated, for example, in Figure 4 and Figure 8).

NOTE 2—Examples of equipment that is not AE: keyboard, mouse, or monitor, not marketed together with a desktop
PC (these are support equipment, in this case). Such equipment is not usually included in the EUT arrangement (as
illustrated, for example, in Figure 8).

bin size: Frequency span divided by the number of trace points minus one, on an instrument display.

NOTE—The concept of “bin” is described in detail in the Spectrum Analysis Basics application note 150 [B16],
wherein the term “bucket” is used rather than “bin.”

calibration: Operation establishing the relation between quantity values provided by measurement
standards and the corresponding indications of a measuring system, carried out under specified conditions
and including evaluation of measurement uncertainty. (ANSI C63.10-2013)

combination equipment under test (combination EUT): EUT comprised of tabletop and floor-standing
units.

component: Device used to electrically drive or control a light source directly or indirectly, which can also
include the light source itself.

EXAMPLES—Self-ballasted lamp, ballast, remote control, dimmer, control unit, light emitting diode (LED) module,
ac mains power adapter, LED driver, electronic transformer.

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

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

electronic ballast: Control circuit independent of the lamp, which controls the starting and operating
currents.

electronic transformer (converter): AC driven device, converting the standard ac voltages (e.g., 120 V)
to a lower ac voltage (e.g., 12 V or 24 V) required by the lamp or lighting system

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

NOTE—A specific emission source in an EUT can generate emissions at multiple frequencies (such as a clock
oscillator generating emissions at the fundamental and at harmonics of the fundamental). The term emission is used in
this document to refer to an emission at a specific frequency, or rather in a band equal to the RBW centered at that
frequency, even though that emission might be related to other emissions, at other frequencies. The term is also used to
refer to the ensemble of all EUT emissions, at all frequencies where these occur. However, the term is not to be
understood as referring to a specific emission source in the EUT and, correspondingly, to the ensemble of emission
frequencies generated by that specific source.

entertainment lighting: Luminaire, utilizing electric light source(s), that is intended to be used in stage,
studio, television, and film studio applications.

NOTE 1—Stage entertainment lighting includes those intended for installation in bars, restaurants, museums, etc.
NOTE 2—This type of lighting is not usually intended for general illumination.
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equipment under test (EUT): Device or system, which can consist of one unit or a combination of
multiple units and interconnecting cables, including the AE and locally-placed support equipment (SE), that
is representative of a product to be marketed and is being evaluated for compliance.

NOTE 1—The AE, if any, is part of the system under test, together with the EUT. Any SE that is not remotely located,
while not part of the system under test, is nonetheless arranged in the same manner as the system under test (EUT and
AE), in accordance with Clause 6.

NOTE 2—The terms “AE” and “SE” are added only where necessary, such as when different provisions apply to the
EUT versus AE and/or versus locally-placed SE.

EUT arrangement: Physical layout and orientation of all the parts of the EUT, auxiliary equipment,
support equipment (if included in the EUT arrangement, instead of being remotely located), and any
corresponding cabling located within the test volume. (adapted from CISPR 32:2015-03)

NOTE—In contrast, the definition in 3.1.4 of CISPR 32:2015-03 is: “physical layout and orientation of all the parts of
the EUT, AE and any associated cabling located within the area.”?? The abbreviation “AE” is used in CISPR 32 for the
term “associated equipment,” which is equivalent to the term “support equipment” used in ANSI C63.29, and not for
“auxiliary equipment,” as in this document (CISPR 32:2015-03 does not use the term “auxiliary equipment”).

EUT boundary: Smallest circle enclosing the EUT arrangement’s footprint on the floor of the radiated
emission test site.

EUT configuration: Combination of equipment units constituting the EUT and the associated
interconnections between them.

EUT operation: Manner in which the EUT is operated during the test, including placing it in its typical
functional operation mode and exercising all its ports.

EUT setup: Manner in which the EUT is configured, arranged, and operated for testing.

NOTE—The EUT setup includes the EUT configuration, the EUT arrangement, and the EUT operation mode used
during the test.

EUT volume: Vertically-oriented cylinder with smallest height and smallest diameter such that it
encompasses the entire EUT arrangement.

exercise (a port): Process of passing signals or data into or out of the port at the applicable voltage,
current, or rate for that port.

exploratory measurements: Process consisting of variation of the EUT’s position, orientation,
configuration, cables’ positions, arrangement, and mode of operation for finding the specific set of
conditions under which the highest emission relative to the limit is obtained.

NOTE—Guidelines on how to perform exploratory radiated emission measurements are included in Annex E. This is a
compliance type test because its result determines the set of EUT conditions to be used for the final measurements.

extension cord: Electric cord having a standard plug at one end and a standard electric receptacle at the
other.

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.

22 Copyright © 2015 IEC Geneva, Switzerland, www.iec.ch.
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frequency identification: Process carried out for identifying EUT emission frequencies, in typical
operation modes.

NOTE—This process is mostly used as an initial test prior to final compliance measurements on an OATS. It is usually
performed in a shielded room and it is not a compliance-type measurement. The scope is not to find which EUT
emission is highest relative to the limit.

gas-discharge lamp: Lighting device using a ballast to generate an electrical discharge to ionize an inert
gas.

hybrid antenna: 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.

in situ testing: Process of performing electromagnetic interference (EMI) testing in an area where the
equipment to be evaluated is normally installed and operated. (adapted from ANSI C63.14-2014,)

Contrast: test site testing.

NOTE 1—This type of testing necessarily includes the effects of the environment as well as electromagnetic wave
reflections due to structures and other objects.

NOTE 2—In contrast, the definition in 4.276 of ANSI C63.14-2014 includes the text in the preceding NOTE 1 as a
second phrase within the definition text itself.

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

intentional radiator: Device that intentionally generates and emits RF energy by radiation or induction.

lamp: See: light source.

LED driver: Device composed of a power source and LED control circuitry designed to operate an LED
package (component), an LED array (module), or an LED lamp.?* (ANSI/IES LS-1-20:2020 [B4])

LED light source: Device containing an LED or collection of LEDs used for the purpose of illumination.?*
(CISPR 15:2018-05 [B5])

light regulation (dimming): Operation consisting in controlling (varying) the light intensity generated by a
lamp or luminaire.

light source: Generic term for a man-made device that produces optical radiation using electrical energy.

NOTE 1—The term is also used to denote sources that radiate energy in regions of the spectrum adjacent to the visible
light spectrum, i.e., IR and UV.

NOTE 2—A light source is sometimes called a lamp, bulb, or tube.
lighting device: Independent unit which can be used to illuminate a scene, objects, or their surroundings so
that they can be seen, including devices designed to be used with such independent units and any separable

components assembled to form the independent unit. (adapted from CISPR 15:2018-05 [B5])

NOTE 1—Examples: luminaire, self-ballasted lamp, dimmer, remote control, ballast, LED driver.

2 6.8.4.1 of ANSI/IES LS-1-20:2020 [B4]. Copyright © 2020 Illuminating Engineering Society.
243.3.14 of CISPR 15:2018-05 [B7]. Copyright © 2018 IEC Geneva, Switzerland, www.iec.ch.
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NOTE 2—In contrast, the definition in 3.3.16 of CISPR 15:2018-05 [BS5] is: “device which can be used as an
independent unit to illuminate a scene, objects or their surroundings so that they can be seen, and modules designed to
be used in or with such device or assembly of devices.”? CISPR 15:2018-05 [B5] uses the term “lighting equipment,”
which is equivalent to the term “lighting device” in ANSI C63.29.

line frequency: Frequency, measured while the EUT is operating in its normal state, at the point where the
ac power is physically connected to the ac mains input power port of the EUT.

NOTE—This point can be a terminal block within the EUT, the input of the EUT’s power entry module, or the
receptacle at the end of the EUT’s power cable, as applicable.

line impedance stabilization network (LISN): Network inserted in the power supply conductor of an
EUT that provides, in a given frequency range, a specified load impedance for each current-carrying
conductor for the measurement of conducted emission voltages.

NOTE 1—A LISN is used to isolate the EUT from the supply mains in that frequency range and couples the EUT
emissions to the measuring instrument.

NOTE 2—A LISN unit can contain one or more individual LISN circuits.
NOTE 3—1In IEC CISPR standards, LISNs are called artificial mains networks (AMNS).

line voltage: Voltage, measured while the EUT is operating in its normal state, at the point where the ac
power is physically connected to the ac mains input power port of the EUT.

NOTE—This point can be a terminal block within the EUT, the input of the EUT’s power entry module, or the
receptacle at the end of the EUT’s power cable, as applicable.

luminaire (light fixture): Complete lighting unit consisting of lamp(s), ballast(s), driver(s) (where
applicable), and any other necessary components, together with the parts designed to distribute the light,
position and protect the lamps, and to connect the lamp(s) to the power supply. (adapted from ANSI/IES
LS-1-20:2020 [B4])

NOTE—In contrast, the definition in 10.3.1 of ANSI/IES LS-1-20:2020 [B4] is: “a complete lighting unit consisting of
a light source(s) and ballast(s) or driver(s) (when applicable), together with the parts designed to distribute the light, to
position and protect the light source(s), and to connect the light source(s) to the power supply; also knows as a light
fixture.” 26

maximization: Process consisting of variation of specific parameters related to the test equipment, as
prescribed by the corresponding test method specified in this document, for the purpose of finding the set
of conditions resulting in the highest level at the input of the measuring instrument.

NOTE—This process is a compliance-type measurement and is used for two cases:

—  Maximization of a specific EUT emission, which involves variation of parameters such as turntable azimuth,
antenna polarization, and antenna height; e.g., see 9.3.3.3.

—  Maximization of the received signal during site validation measurements, which involves variation of the
receive antenna height for a given set of conditions (i.e., for a given transmit antenna height, a given set of
transmit antenna and receive antenna positions, and a specific polarization of both antennas); e.g., see
ANSI C63.4-2014 amended per ANSI C63.4a-2017.

measurement antenna: Receive antenna used to measure the radiated emissions during field strength
testing.

2 Copyright © 2018 IEC Geneva, Switzerland, www.iec.ch.
26 Copyright © 2020 Illuminating Engineering Society.
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measurement instrumentation uncertainty: Parameter, associated with the result of a measurement, that
characterizes the dispersion of the values that could reasonably be attributed to the measurand, induced by
all relevant input quantities that are related to the measurement instrumentation.?’ (adapted from CISPR 16-
4-2:2018-08 [BI])

NOTE 1—For a list of the relevant input quantities that need to be included in the calculation of the measurement
instrumentation uncertainty, see ANSI C63.23.

NOTE 2—1In contrast, the definition in 3.1.1 of CISPR 16-4-2:2018-08 [B9] does not include any note.

mode of operation: Manner in which the EUT is performing its intended (primary) function, as specified
by the manufacturer, during its normal use. See also: EUT operation, primary function.

NOTE 1—An EUT can have multiple modes of operation, i.e., multiple primary functions.
NOTE 2—An EUT can also have secondary functions, such as a service or maintenance mode of operation. Such

modes of operation are deemed to be irrelevant for EMI testing and, as such, are not included in the definition of this
term, as used throughout ANSI C63.29.

nominal: Conventionally stated value of a quantity or dimension, but which does not necessarily
correspond exactly to the actual value.

NOTE—The allowable tolerances for values above and below the nominal value need not be symmetric (see Annex A).

EXAMPLES—The nominal height of an EUT support table is 80 cm (see, e.g., 5.1.5). The nominal lowest and highest
measurement antenna heights are 1 m and 4 m, respectively (see, e.g., 0).

nominal line frequency: Conventionally stated value of the line frequency, which, subject to allowable
tolerances, is required to be supplied to the EUT during testing.

NOTE—See 5.1.2.

nominal line voltage: Conventionally stated value of the line voltage, which, subject to allowable
tolerances, is required to be supplied to the EUT during testing.

NOTE—See 5.1.2 and Table 9.

nominally identical: Devices that are identical within the variation that can be expected to arise as a result
of quantity production techniques. (47 CFR Part 2, §2.908 [April 24, 1981])

NOTE—The phrase “nominally identical” is often applied specifically to the parameters that describe the key
properties of devices. For example, two standard-gain horn antennas can differ in the types of metals used in
manufacturing, but if they have nominally identical key dimensions, nominally identical mainbeam gains, and
nominally identical antenna patterns, they are considered to be “nominally identical” antennas.

normalized site attenuation (NSA): Site attenuation divided by the free-space antenna factors (all in
linear units) of the transmit antenna and the receive antenna, and corrected by the geometry-specific
correction factors, if available.?® (adapted from ANSI C63.5-2017) See also: site attenuation.

NOTE 1—NSA values are usually stated in decibel units.
NOTE 2—In contrast, the definition in Clause 3 of ANSI C63.5-2017 is: “Site attenuation (SA) divided by the free-

space antenna factors (all in linear units) of the transmit antenna and the receive antenna, and corrected by the
geometry-specific correction factors (GSCF) if available. Results can be stated in decibel units.”

27 Copyright © 2018 IEC Geneva, Switzerland, www.iec.ch.
2 See ANSI C63.5 for details about applicable antenna factors and other parameters.
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open area test site (OATS): Open, flat, level area where the ground is covered with conductive material
and that is clear of overhead wires and reflecting structures.

outlet: Female connector used for ac mains power, e.g., a wall ac power outlet or the output port of a LISN.
Syn: receptacle.

passive antenna: Antenna that functions without any source of energy other than input signals. (adapted
from IEV 702-09-07)?° Contrast: active antenna.

NOTE 1—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.

NOTE 2—In contrast, the definition IEV 702-09-07 is for the term “passive” and it is: “pertaining to an electrical
network or device which functions without any source of energy other than the input signals.” 3°

passive luminaire: Incandescent, LED, or discharge light luminaire other than active luminaires.

NOTE—A passive luminaire does not contain active switching electronic components and thus is not likely to produce
any electromagnetic disturbances. For example, a mains rectifying diode is considered a passive component.

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

NOTE—A peripheral device can be either support equipment or auxiliary equipment, for the purpose of testing as per
this standard.

plug-in portable dimmer: Dimmer that plugs into a receptacle outlet either directly or via a cord-
connection and incorporates a means to connect a luminaire.

populate (a port): Attach a cable (to the port).

port: Cabled interface of an EUT or of an EUT’s module / plug-in card.

power line dimmer: Electronic device, internal or external to a lamp, luminaire, ballast, or LED driver, but
connected to the latter by a wired connection, which directly controls the input power to the lamp,

luminaire, ballast, or LED driver.

primary function: Function of an equipment which is defined as such by the manufacturer.’!
(CISPR 15:2018-05 [B5])

(radio) receiver: Device for detecting radio-frequency emissions.
NOTE—See Clause 4.

reference ground plane: Conducting (metallic) flat surface or plate that is used as a common reference
point for circuit returns and electric or signal potentials.

representative test fixture: Luminaire used for testing components, which is representative of the type of
luminaires used with the component that is the EUT.

NOTE—The requirements applicable to the representative test fixture are specified in 7.3.2.

# [EV Online, IEC 60050, International Electrotechnical Vocabulary, International Electrotechnical Commission, Geneva, CH,
(http://www.electropedia.org/).

30 Copyright © 1992 IEC Geneva, Switzerland, www.iec.ch.

313.2.6 of CISPR 15:2018-05 [B7]. Copyright © 2018 IEC Geneva, Switzerland, www.iec.ch.
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remote-control devices: Devices that control a load either by a dedicated control line, powerline carrier
signals over the ac mains, or via wireless means.

secondary function: Function of an equipment not being essential for fulfilling the primary function.
self-ballasted lamp: Lamp with a built-in circuit that controls both starting and operating currents.
NOTE 1—These devices typically consist of an integrated power supply/ballast and light producing element.

NOTE 2—This term denotes any type of lamp that can be directly connected to its source of power (e.g., ac mains) and
does not need additional components to operate. This includes lamps other than fluorescent / gas-discharge, such as
LED lamps, even though these do not require a “ballast” to operate.

semi-luminaire: Device (sometimes called adapter) equipped, on the one side, with any IEC-standardized
lamp cap system to allow mounting in a standard lamp holder and, on the other side, with a lamp holder to
allow the insertion of a replaceable light source with a cap.3? (CISPR 15:2018-05 [B5])

site attenuation: Minimum relative insertion loss measured between two polarization-matched antennas
located on a test site when one antenna is moved vertically over a specified height range. (ANSI C63.5-
2017) See also: normalized site attenuation (NSA).

site voltage standing wave ratio (Svswr): Ratio of maximum received signal to minimum received signal,
caused by interference between direct (intended) and reflected signals.** (CISPR 16-1-4:2020-06)

small loop antenna: Radiated emissions magnetic field strength transducer that is compliant with 4.3 and
4.4 of CISPR 16-1-4:2020-06.

spectral plot: Graphical representation of the emissions in the frequency domain, showing the full
spectrum measured over a specific frequency range.

street light: Complete lighting device intended for street illumination consisting of a light source together
with its direct appurtenances such as globe, reflector, refractor, housing, and such support as is integral
with the housing, but not including the pole, post, or bracket. (adapted from IEEE 100, The Authoritative
Dictionary of IEEE Standards Terms)

NOTE—In contrast, the definition in IEEE 100 is “Complete lighting device consisting of a light source together with
its direct appurtenances such as globe, reflector, refractor, housing, and such support as is integral with the housing.
The pole, post, or bracket is not considered part of the luminaire.”

support equipment (SE): Equipment that is required for exercising or monitoring the EUT, but which is
not part of the EUT.

NOTE 1—In contrast, CISPR documents, such as CISPR 32, use the term “associated equipment” for this type of
equipment.

NOTE 2—SE is not usually included in the EUT arrangement (as illustrated, for example, in Figure 8).

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

NOTE—There are two exceptions to the above definition. These are: “calibration records system” and “laboratory
quality system” in 4.6.1.

323.3.22 of CISPR 15:2018-05 [B7]. Copyright © 2018 IEC Geneva, Switzerland, www.iec.ch.
337.3.1 of CISPR 16-1-4:2020-06. Copyright © 2020 IEC Geneva, Switzerland, www.iec.ch.
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tabletop device: Device designed to be placed and normally operated on the raised surface of a table or
other surfaces of similar height.

terminate (a cable connected to a port): Fit the end of the cable (that has its other end connected to the
port) with a load whose characteristic impedance is equal to that of the port.

terminate (a port): Directly connect (to the port) a load whose characteristic impedance is equal to that of
the port.

test case: Single, continuous, measurement that completely determines the compliance of the specific EUT
setup with the limits applicable to that single, continuous, measurement.

NOTE 1—A test case is performed on a specific combination of EUT setup and measurement setup, including test site
and test equipment.

NOTE 2—Examples of single, continuous, measurements include ac mains conducted emissions on all current carrying
conductors of all EUT’s ac mains power cables, magnetic field strength radiated emissions within 9 kHz to 30 MHz, or
electric field strength radiated emissions from 30 MHz to 1 GHz. However, if the test lab uses, for example, two
antennas from 30 MHz to 1 GHz (e.g., biconical and LPDA), splitting this frequency range in two (30 MHz to
200 MHz and 200 MHz to 1 GHz), unless the measurement is performed over the entire frequency range before
altering the EUT setup, each one of these two ranges represents a separate test case.

NOTE 3—A test case might have to be repeated a number of times, for determining which EUT setup results in the
highest emission relative to the limit applicable to that specific single, continuous, measurement (e.g., by varying the
EUT cables’ positions).

test equipment: Equipment that is intended primarily for purposes of performing measurements or
scientific investigations.

NOTE—Such equipment includes, but is not limited to, field strength meters, spectrum analyzers, and modulation
monitors.

test report: Document that includes a summary of measurement results (and can also include engineering
analyses) related to a specific EUT sample or samples (specific brand, model, and serial number or
numbers) and which complies with the requirements of this standard.

NOTE 1—See Clause 10.

NOTE 2—The test report usually includes a statement upfront that the measurement results therein only apply to the
unit or units tested (specific serial number or numbers).

test site: Location meeting appropriate validation criteria, if identified, to perform EMC measurements on
the EUT. Contrast: in situ.

transducer: Device that receives energy from one system and supplies energy, of either the same or of a
different kind, to another system, in such a manner that the desired characteristics of the energy input
appear at the output.

NOTE—Examples of transducers: line impedance stabilization network (LISN), voltage probe, antenna.

unintentional radiator: Device that generates RF energy including for use in the device or that sends RF
signals by conduction to support equipment via connecting wiring, but that is not intended to emit RF
energy by radiation or induction.
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voltage probe: Conducted emissions transducer, for measuring the voltage between an EUT mains
conductor and the reference ground, which provides a nominal 1500 Q resistance between the measured

line and ground.

NOTE—Some measurement method documents refer to a voltage probe as a line probe [e.g., FCC/OET MP-5 [B12]
(47 CFR § 18.311)].

wall-wart: Informal term denoting an ac power adapter that does not have any ac mains cable and plugs
directly into an ac mains receptacle, the formal equivalent of which is “wall-mounted power adapter.”

3.2 Acronyms and abbreviations

AC, ac
AE
ANSI
ASC
AUT
CFR
CISPR
CwW
DC, dc
EMC
EMI
EUT
FCC
FFT
GP
HAIMP
IEC
IEEE
IF
ISED
ISM
ISO
KDB
LED
LISN
LLA
LLAS
LPDA
NSA

alternating current

auxiliary equipment

American National Standards Institute
Accredited Standards Committee

antenna under test

U.S. Code of Federal Regulations

International Special Committee on Radio Interference
continuous wave

direct current

electromagnetic compatibility

electromagnetic interference

equipment under test

Federal Communications Commission

fast Fourier transform

ground plane

hybrid antenna impedance matching pad
International Electrotechnical Commission
Institute of Electrical and Electronics Engineers
intermediate frequency

Innovation, Science and Economic Development Canada
industrial, scientific, and medical

International Organization for Standardization
Knowledge Database (FCC/OET)
light-emitting diode

line impedance stabilization network

large loop antenna

large loop antenna system

log-periodic dipole array

normalized site attenuation
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OATS open-area test site

RBW resolution bandwidth

RF radio frequency

RGP reference ground plane

RMS, rms root mean square

RV recreational vehicle

Rx receive or receiver

Svswr site voltage standing wave ratio
SAC semi-anechoic chamber

SE support equipment

SNA scalar network analyzer

TD Svswr time domain site-voltage standing wave ratio
TLED tubular light emitting diode (LED)
Tx transmit or transmitter

VNA vector network analyzer

VSWR voltage standing wave ratio

4. Measurement instrumentation

4.1 General

The use of proper measurement instrumentation is critical to obtaining accurate, reproducible results.
Various measuring accessories that might be needed depend on the particular measurements to be
performed, as described in 4.2 through 4.7.

The sensitivity of the entire measurement system, including the measurement instrument (i.e., receiver or
spectrum analyzer) and all ancillary equipment between the measurement instrument and the EUT (e.g.,
attenuators, cables, transducers such as the antenna or the LISN), shall be sufficient for distinguishing EUT
emissions from the system noise floor. This requirement is only satisfied if an EUT emission at a level
corresponding to the applicable limit level results in a signal at the measurement instrument’s input that is
6 dB or higher above the measurement instrument’s noise floor at each frequency of measurement, in the
specified limit detector.

NOTE—One practical way to verify compliance with this requirement would be, for example, to insert all factors in the
measurement instrument or measurement software (such as antenna factor and cable loss) and plot the limit together
with the instrument’s noise floor, with the instrument configured as per the corresponding requirements for that
frequency range.

4.2 Emission measuring instrumentation

4.2.1 General considerations

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 emission measurements include
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those that conform to the specifications contained in either or both of the following standards as appropriate
to the frequency of measurement:

a)  ANSI C63.2 (for measurements up to and including 40 GHz)
b) CISPR 16-1-1:2019-05 (for measurements up to and including 18 GHz)

NOTE—ANSI C63.2 normatively references CISPR 16-1-1 for frequencies up to 18 GHz.

A spectrum analyzer typically does not meet all of the requirements stated in ANSI C63.2 or CISPR 16-1-
1:2019-05 without additional accessories. Appropriate accessories, such as preselection, quasi-peak
detection, and specific intermediate frequency (IF) filters, may be used with a spectrum analyzer. By
meeting the requirements in 4.2.1a) or 4.2.1b), this combination is equivalent to a receiver.

4.2.2 Reference measurement instrument

The reference measurement instrument for performing measurements of radiated and ac power-line
conducted emissions is an instrument conforming to 4.2.1.

Scanning receivers may be used, but the maximum scan rate shall be limited by the response time of the
measuring system and selected such that emissions are properly intercepted (e.g., based on the pulse
repetition frequencies) so that the amplitude of each emission is measured correctly (e.g., based on the IF
bandwidth selection). Bandwidths shall be chosen that are appropriate for the frequencies being
investigated. Requirements for selecting measurement bandwidths are given in 4.2.5.

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

4.2.3 Spectrum analyzer

The use of spectrum analyzers for radiated and ac power-line conducted emission compliance
measurements is permissible only if they meet all the requirements of the standards listed in 4.2.1.

To meet the requirements in 4.2.5, spectrum analyzers shall be equipped with quasi-peak and linear average
detection that is compliant with the relevant standards listed in 4.2.1. However, measurements with the
positive peak detector of the instrument may be used for demonstrating compliance of the EUT, as long as
the required resolution bandwidth is used.

NOTE 1—This is due to the fact that positive peak detection yields amplitudes equal to or greater than amplitudes
measured with the quasi-peak or linear average detector. Thus, the data measured using the positive peak detector of a
spectrum analyzer represents the worst-case results.

Nominal values for the resolution bandwidth shall be as specified in 4.2.5. Most spectrum analyzers use
Gaussian-shaped intermediate frequency (IF) filters with resolution bandwidths specified at -3 dB, which
are acceptable for measurements made in accordance with this standard because larger bandwidths are
permissible. The resolution bandwidths cited in the standards listed in 4.2.1 do not have a Gaussian shape
but are instead specified individually by their frequency response (i.e., “masks”). When using larger
bandwidths than those specified, or when using filters with different transfer functions, different
measurement results for broadband signals can be expected. In case of dispute, the test results measured
with the reference receiver specified in 4.2.2 shall take precedence.

For a spectrum analyzer to meet the specifications of either of the two standards listed in 4.2.1, it shall
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 ANSI C63.2 or
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CISPR 16-1-1:2019-05. If a spectrum analyzer is to be used to perform quasi-peak measurements of low-
repetition-rate signals (i.e., pulse repetition rate of 20 Hz or less), then the use of a preselector is required to
provide an adequate dynamic range of the instrument.

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

a)  Overload—Most spectrum analyzers have no radio frequency (RF) preselection in their lowest
frequency band. In this band, the input signal is fed directly to the broadband input mixer. To help
avoid overload, to help prevent damage, and to operate the 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 might be
required to reduce the input signal to this level.

b) Linearity test—When saturation or gain compression condition is suspected to exist, the linearity
can be verified by measuring the level of the specific signal under investigation and repeating this
measurement after a 6 dB or greater external attenuator has been inserted at the input of the
measuring instrument or, if used, of the preamplifier. The new reading of the measuring instrument
display, plus the inserted attenuation, shall differ by no more than £0.5 dB from the first reading for
deeming the measuring system linear; see G.4 for details. Observe the resulting signal to noise ratio
(with added attenuation) to verify that the added attenuation is not contributing to any measurement
difference. In the case of broadband time-variant signals and spread-spectrum signals, the linearity
test may be performed by setting the analyzer in maximum hold with positive peak detector
function, separately, for each one of the two measurements.

NOTE 2—Some common examples of situations where saturation or gain compression condition exists are as
follows (not an exhaustive list):

—  There is an indicator on the measurement instrument signaling that such a condition exists.
—  Emission level is high compared to the limit.
—  High ambient signals are present, such as a Wi-Fi signal or other intentional transmission.

—  The EUT generates high level emissions just outside of the measured frequency range (e.g., just
below 150 kHz).

c) Signal interception—The spectrum of intermittent and/or time-varying emissions can be captured
with positive peak detection and digital display storage (i.e., “max hold” function). Multiple, fast
frequency scans reduce the time to intercept an emission compared to a single, slow frequency
scan. The starting time of the scans shall be varied to help 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 positive
peak detection measurements can replace all or part of the measurements needed using quasi-peak
or linear average detection. Retests using a quasi-peak or linear average detector shall then be made
at frequencies where emission maxima have been found.

d) Linear average detection—For spectrum analyzers not equipped with a linear average detector as
specified in 4.2.5.1, an alternate method of linear average detection with a spectrum analyzer can
be obtained by setting the detector mode to positive peak and reducing the video bandwidth until no
significant variations in the displayed signal are observed from trace to trace; see 4.2.5.2 for a basic
measurement procedure.

e) Selection of display mode—For measurements with peak detector (e.g., where the limit is specified
for peak detection), the positive peak detector shall be selected, so that the highest emission
amplitudes are displayed.

3% 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 linear operation of their particular spectrum analyzer.
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NOTE 3—The positive peak detector may also be used in other cases (i.e., where the limit is specified for
other type of detector) for speeding up the measurement; see 4.2.3¢) above. The use of any other common
detector, such as quasi-peak, average, etc. generally results in a lower amplitude of the signal being measured.
Scanning the frequency range of interest in multiple frequency segments can reduce the introduced frequency
error. This improves frequency accuracy but increases the overall test time.

f)  Bin size—When using a spectrum analyzer in average detection mode, its bin size shall be no larger
than half the measurement (resolution) bandwidth.

NOTE 4—Bin size is specific to instruments having a digital display and describes the frequency resolution
(horizontal resolution) of that instrument’s display. The instrument determines the level to be displayed at each
“trace point” by applying the selected detector function to all input signal samples in the “bin” corresponding
to that “trace point.” For example, positive peak detector function selects the input signal sample having the
highest amplitude for display and discards all the other samples in that bin. As such, greater accuracy is
achieved by decreasing the span because the “bin” then includes a larger number of samples.

NOTE 5—When measuring impulsive signals, bin size smaller or equal to half the measurement bandwidth
might also be required for peak or quasi-peak detection modes.

See also Annex G for more details on and precautions concerning the use of spectrum analyzers.

4.2.4 FFT-based measurement instrument

Spectrum analyzers or EMI receivers equipped with fast Fourier transform (FFT) capabilities may be used
as long as they are compliant with the requirements stated in 4.2.1.

4.2.5 Detector functions and selection of bandwidth
4.2.5.1 General considerations

Unless otherwise specified, EMI receivers and spectrum analyzers shall have the detector functions and
bandwidths specified in either ANSI C63.2 or CISPR 16-1-1:2019-05 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-
1:2019-05.

b)  The IF filter shall have a 1 MHz impulse bandwidth.

c) Ifthe 1 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 4.2.5.1c), the necessary
correction factor shall be determined as follows:

— The impulse bandwidth, Bimp, of the 1 MHz IF filter shall be determined by measurements made in
accordance with the method stated in E.7 of CISPR 16-1-1:2019-05.

— A bandwidth correction factor shall be applied ONLY when broadband signal amplitudes are
measured. The broadband correction factor (in decibels) shall be calculated using Cgg = 20 log
(Bimp / Bmeas), Where Bmeas equals 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 4.2.5.1b) or 4.2.5.1¢).
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Positive peak detector measured data may be substituted for the reference 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 bandwidth used shall be equal to or greater than that specified in
ANSI C63.2 or CISPR 16-1-1:2019-05. The use of bandwidths greater than those specified can 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 might be needed to perform all of these functions and/or to
cover the complete frequency range of interest.

The measuring instrument shall satisfy the following provisions:

1)  The quasi-peak detector shall have a linear response.

2)  The average detector shall have a linear response and shall meet the linear average specifications in
ANSI C63.2 or CISPR 16-1-1:2019-05. This is a voltage average detector. A logarithmic average
detector shall not be used for performing measurements in accordance with ANSI C63.29. A
CISPR RMS detector (or power average detector) may be used because it results in a measured
level that is greater than or equal to the level measured with a voltage average detector.

3) When measuring an emission with a low duty cycle, the dynamic range of the measuring
instrument shall be adequate to yield correct and traceable results.

4)  When using a spectrum analyzer or other instrument providing access to the video bandwidth
function for peak measurements, the video bandwidth shall be set to a value at least three times
greater than the IF bandwidth of the measuring instrument, to help avoid the introduction of
unwanted amplitude smoothing.

NOTE—For the purposes of this document, the terms IF’ bandwidth and resolution bandwidth are synonymous.
4.2.5.2 Average measurements using spectrum analyzer with reduced video bandwidth

For a spectrum analyzer not having a dedicated average detector function in accordance with 4.2.5.1, the
following procedure shall be used to perform average measurements by reduction of video bandwidth:

a) Tune the instrument to the signal of interest by setting its center frequency to the signal frequency
and setting its 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 (this step is optional for digital spectrum analyzers).

d) Reduce the video bandwidth to a value that does not result in any further reduction in the displayed
signal amplitude, but not less than 1 Hz (see also NOTE 2 below).

e) After items 4.2.5.2a) through 4.2.5.2d) are completed, measure the maximum average signal on the
display. Maximum-hold processing of traces should be employed to achieve the maximum reading.

This method yields the linear average value of signals at the input of a spectrum analyzer measured with a
specified resolution bandwidth.

The sweep time shall 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 the 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.
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NOTE 1—A logarithmic amplitude display mode may be used for investigative or exploratory purposes only; 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. This technique is useful for troubleshooting but is not applicable
Sfor compliance measurements.

When performing final compliance measurements, the video bandwidth shall be set to a value lower than
the lowest pulse repetition frequency of the measured signal, but not lower than 1 Hz, in accordance with
CISPR 16-1-1:2019-05, so that the proper integration time is realized; G.7 provides other details.

NOTE 2—Notwithstanding the video bandwidth requirements of 7.3.3 of CISPR 16-1-1:2019-05, the associated
measurement procedure standards CISPR 16-2-1:2017-06 [B8] (i.e., Annex D therein) and CISPR 16-2-3:2019-06 (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 7.3.3 of CISPR 16-1-1:2019-05 is specified
to be the peak reading, the larger amplitude fluctuations that occur with the use of a higher-than-specified video
bandwidth provides a conservative measurement result (i.e., higher emission level).

4.2.6 Using an external preamplifier with a spectrum analyzer or EMI receiver

Spectrum analyzers or EMI receivers can lack the appropriate sensitivity to perform EMI measurements,
because of a higher instrument noise figure. Adding an external preamplifier to the measuring instrument
serves as a method to improve the measurement system sensitivity. However, the dynamic range of the
measurement system is affected, as well as the amplitude accuracy. In addition, overload requirements for
the measuring instrument shall be accounted for, to help avoid possible erronecous measurement results.
Clause J.2 in Annex J of CISPR 16-1-1:2019-05 describes detailed considerations for the best design of an
emission test system that includes a measuring instrument and an external preamplifier.

The performance of the system, i.e., system noise level and overload capability, depends on the
characteristics of both the preamplifier and the measuring receiver; therefore, it is necessary to properly
understand the linearity specifications of both the measuring instrument and the preamplifier. Clause J.3 in
Annex J of CISPR 16-1-1:2019-05 details the procedure to be used for determining if the system
(measurement instrument with preamplifier) is linear. Proper precautions to help avoid overload or
saturation conditions during the measurement shall be taken, i.e., in the form of linearity checks of the
system, as specified in Clause J.3 of CISPR 16-1-1:2019-05. If a measuring instrument with FFT
technology is used, specific requirements for overload detection shall be accounted for, as documented in
Clause J.4 of Annex J of CISPR 16-1-1:2019-05.

4.3 Line impedance stabilization network (LISN)

A LISN having the impedance magnitude and phase angle listed in Table C.1 and Table C.2 (see C.5.1) and
illustrated in Figure C.1 and Figure C.2 (see C.5.2) shall be used for ac power-line conducted emission
measurements, in order to provide a standard impedance to the equipment under test (EUT) and help
prevent external electromagnetic noise to enter the EUT setup through the ac mains cable, except for in situ
measurements (see 4.4 and 5.6). When the measuring instrument (receiver or spectrum analyzer) ports of
the LISN are each terminated into an impedance of 50 Q, the characteristic impedance in Table C.1 or
Table C.2 or both (based on the measurement frequency range of conducted emissions from the EUT) shall
be present at the EUT ports of the LISN.

The required nominal impedance values (magnitude and phase) were derived from idealized LISN circuits:
50 Q in parallel with a series combination of 5 Q and 50 pH, for the 9 kHz to 150 kHz frequency range,
and 50 Q in parallel with 50 uH, for the 150 kHz to 30 MHz frequency range. Figure C.3 and Figure C.4
(see C.5.2) illustrate two circuits that, when carefully constructed, can provide the impedance
characteristics of Figure C.1 and Figure C.2.
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The LISN impedance shall not deviate from the nominal values listed in Table C.1 or Table C.2 or both
(and plotted in Figure C.1 and Figure C.2), as applicable, by more than +20% for the LISN impedance
magnitude and £11.5° for the LISN impedance phase, at the LISN’s EUT terminals.

The insertion loss of the LISN (from its EUT port to the coaxial measurement port), taken from the most
recent calibration data of the LISN, shall be used for correcting the measurement result before comparing
with the applicable limit at each frequency of measurement.

4.4 Voltage probe

Voltage probes (see definition in 3.1) shall be calibrated for use. For measurements with a voltage probe,
the method shown in Figure 1 (see 4.7) should 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
conducted measurements on the EUT mains power supply.

The measurements are dependent on the impedance presented by the power supply and can vary with time
and location because of variations in the power supply. It might be necessary to perform repeated
measurements over a suitable period of time to determine the variation in measured values. In this case, 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 the test 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 1, such that the total resistance
between line and ground is 1500 Q. If the voltage probe includes an inductor placed parallel to the input of
the measurement instrument (see Figure 1), for safety reasons, its reactance, X1 should be much greater
than the instrument’s input impedance, Rn,. Because the voltage probe attenuates the emission voltage,
appropriate calibration factors shall be added to the measured values. For reducing measurement errors that
can be caused by strong ambient magnetic field strength, the measurement arrangement should be such that
the area of the loop formed by the line under test, the voltage probe, and the reference ground is as small as
possible.

4.5 Antennas

4.5.1 Antenna types
4.5.1.1 General considerations

The use of specific antennas depends on the frequency range and the type of field strength (electric or
magnetic) being measured when performing radiated emissions measurements, as indicated in 4.5.2
through 4.5.4. Antennas used for radiated emission measurements shall be calibrated in accordance with
ANSI C63.5, or as per the requirements in this standard, as applicable.

The antenna, together with any preamplifier, if used, shall have sufficient sensitivity to measure EUT
emissions, at the chosen measurement distance; see 4.1.

4.5.1.2 Frequency identification and relative-comparison evaluation measurements

Table 1, Table 2, and Table 3 provide a summary listing of types of antennas that may be used in
performing frequency identification radiated emission measurements and/or for performing relative-
comparison evaluation measurements (e.g., A/B comparisons). Hence, any type of antenna listed in the
table for a given frequency band may be used for performing such measurements in that band. Table 1,
Table 2, and Table 3 identify the typical frequency ranges over which these antennas operate and provide
normative footnotes regarding special considerations in their use. D ocuments
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Antenna types other than those specifically listed in Table 1, Table 2, and Table 3 may also be employed
for performing frequency identification 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 1—Radiated emission antennas for purposes of frequency identification
and/or relative-comparison evaluation (9 kHz to 30 MHz)

# Antenna types Footnotes
1 Passive small loop

2 Active small loop a

3 Large loop antenna system (LLAS), 2 m diameter b

% When an active antenna is used for frequency identification or relative-comparison measurements, users are
cautioned to verify whether the ambient and/or measured signals are causing the preamplifier portion of the active
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. It is further
recommended that only active antennas equipped with an operating saturation indicator are used, and the saturation
indicator is monitored during the course of the testing to help ensure it does not indicate saturation.

The LLAS shall not be used when the largest dimension of the EUT arrangement is greater than 1.6 m.

Table 2—Radiated emission antennas for purposes of frequency identification
and/or relative-comparison evaluation (30 MHz to 1000 MHz)

Antenna types Footnotes

Resonant tuned dipole (passive)
Biconical dipole (50 Q2 or 200 Q balun)
Log-periodic dipole array (LPDA)
Hybrid (bicon/log)

(O, T I N (OIS I SR T - 3

a,b

Double-ridge guide horn (passive)

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.

The largest aperture dimension, D, of these horn antennas (i.e., length or width; in meters) should be small enough so
that the measurement distance (in meters) is equal to or greater than the Rayleigh distance (i.e., Rm = D?/ 21), where
A is the free-space wavelength (in meters) at the frequency of measurement.
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Table 3—Radiated emission antennas for purposes of frequency identification
and/or relative-comparison evaluation (1 GHz to 40 GHz)

# Antenna types Footnotes
1 Resonant tuned dipole (passive) a,b

2 Biconical dipole (50 Q or 200 Q balun) a,b

3 Precision broadband omnidirectional biconical dipole

4 Log-periodic dipole array (LPDA) a,b

5 Hybrid (bicon/log)

6 Waveguide horn ¢

7 Double-ridge guide horn (passive) 8¢

8 Double-ridge guide horn (active) a,¢,d

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.

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 largest aperture dimension, D, of these horn antennas (i.e., length or width; in meters) should be small enough so
that the measurement distance (in meters) is equal to or greater than the Rayleigh distance (i.e., Rm = D?/ 2 ), where
A is the free-space wavelength (in meters) at the frequency of measurement.

When an active antenna is used for frequency identification or relative-comparison measurements, users are
cautioned to verify whether the ambient and/or measured signals are causing the preamplifier portion of the active
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. It is further
recommended that only active antennas equipped with an operating saturation indicator are used, and the saturation
indicator is monitored during the course of the testing to verify it does not indicate saturation.

4.5.1.3 Final compliance measurements

Table 4, Table 5, and Table 6 contain the complete list of antenna types that are permitted to be used for
performing final compliance measurements (including exploratory measurements — see Annex E) for this
standard and identify the frequency ranges over which those antennas are permitted to operate when
performing final compliance or exploratory measurements.

Only the antenna types specifically listed in Table 4, Table 5, and Table 6, and used in the frequency
ranges listed for their operation in Table 4, Table 5, and Table 6 (and used in a manner consistent with the
normative footnotes in Table 4, Table 5, and Table 6) shall be used for performing exploratory and final
compliance measurements.
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Table 4—Radiated emission antennas for use in performing exploratory and
final compliance measurements (9 kHz to 30 MHz)

# Antenna types ? (see NOTE) Footnotes

1 Passive small loop

2 Active small loop b

3 Large loop antenna system (LLAS), 2 m diameter ¢
NOTE—The regulatory authority or purchasing agency might require accreditation of antenna calibration laboratories.

a . . . .
To be acceptable for use in performing final compliance measurements on devices, each antenna used shall have a

current, valid calibration that was performed in accordance with ANSI C63.5 (small loop antenna) and according
with this standard (LLAS; see D.2) and is evidenced by a calibration certificate/report that, among other things, states
the specific calibration method or methods used, the factors determined for that specific antenna, and the associated
calibration measurement uncertainty. To be acceptable, a calibration certificate/report shall have been issued by a
calibration laboratory having demonstrated competence in performing the specific calibration method or methods
and to cover the required frequency range (e.g., this competence may be demonstrated through accreditation: see
NOTE above). For further details, see 4.6.3.

The use of an active loop antenna is permitted for final compliance measurements on devices ONLY 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 the monitor does not indicate saturation.

The LLAS shall not be used when the largest dimension of the EUT arrangement is greater than 1.6 m. The user shall
verify if the use of the LLAS is permitted by the regulatory authority or purchasing agency for final compliance
measurements.

Table 5—Radiated emission antennas for use in performing exploratory and
final compliance measurements (30 MHz to 1 GHz)

# Antenna types ? (see NOTE 1) Footnotes

1 Resonant tuned dipole (passive)

2 Biconical dipole (50 Q or 200 Q Balun) See NOTE 2

3 Log-periodic dipole array (LPDA)

4 Hybrid (bicon/log) b,c
NOTE 1—The regulatory authority or purchasing agency might require accreditation of antenna calibration
laboratories.
NOTE 2—The use of biconical antennas is limited to a maximum frequency of 200 MHz for NSA site validation
measurements, in accordance with ANSI C63.4. However, this limitation does not exist for the use of biconical
antennas for exploratory and final compliance measurements on devices. For exploratory measurements and for final
compliance measurements, the biconical antenna can be used up to a maximum frequency of 300 MHz, or to its
highest calibrated frequency, whichever is lower.

a . . . .
To be acceptable for use in performing 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 having demonstrated
competence in performing the specific antenna calibration method or methods and to cover the required frequency range
(e.g., this competence may be demonstrated through accreditation: see NOTE 1 and NOTE 2). For further details, see
4.6.3.

See Annex I for the site-specific hybrid antenna qualifications that shall 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.

If a hybrid antenna impedance matching pad (HAIMP) attenuator was used during the site-specific hybrid antenna
qualification procedure detailed in Annex I, then either the exact same HAIMP (i.e., same serial number) or an
attenuator of the same make, model number, insertion loss value, and the same frequency range of operation shall be
used during all final compliance measurements performed with that specific hybrid antenna on that specific test site.
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Table 6—Radiated emission antennas for use in performing exploratory and
final compliance measurements (1 GHz to 40 GHz) 3%

# Antenna types ? (see NOTE) Footnotes

1 Precision broadband omnidirectional biconical dipole b

2 Log-periodic dipole array (LPDA) ¢

3 Hybrid (bicon/log) c,d,e

4 Waveguide horn f

5 Double-ridge guide horn (passive) f

6 Double-ridge guide horn (active) fg
NOTE—The regulatory authority or purchasing agency might require accreditation of antenna calibration laboratories.

a . . . .
To be acceptable for use in performing 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
having demonstrated competence in performing the specific antenna calibration method or methods and to cover the
required frequency range (e.g., this competence may be demonstrated through accreditation: see NOTE above). For
further details, see 4.6.3.

The use of precision broadband omnidirectional (biconical) antennas is permitted for final compliance measurements
ONLY if complying with the constructional and pattern requirements specified in 7.4 of CISPR 16-1-4:2020-06. No
other types of biconical antennas shall be used above 1 GHz for final compliance measurements.

Users of LPDA and hybrid 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 or hybrid antenna whose operating frequency range extends above
1 GHz shall be acceptable for 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.

See Annex I for the site-specific hybrid antenna qualifications that shall 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 I 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 I, then either the exact same HAIMP (i.e., same serial number) or an
attenuator of the same make, model number, insertion loss value, and the same frequency range of operation shall be
used during all final compliance measurements performed with that specific hybrid antenna on that specific test site.

The largest aperture dimension, D, of these horn antennas (i.e., length or width; in meters) shall be small enough so
that the measurement distance (in meters) is equal to or greater than the Rayleigh distance (i.e., Rm = D? / 2).), where
A is the free-space wavelength (in meters) at the frequency of measurement.

The use of an active horn antenna is permitted for final compliance measurements on devices; however, users shall
verify whether the ambient and/or EUT signals are causing the preamplifier portion of the active horn antenna to
saturate (thus yielding unacceptable, erroneous measurements) and, if they are, corrective action shall be taken (e.g.,
use of a notch filter, reorientation of the measurement axis) to eliminate the saturation condition.

35 The shading on table footnotes is used only to enhance readability; all footnotes have equal importance.
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4.5.1.4 Test site validation measurements

Table 7 and Table 8 contain the complete list of antennas that are permitted to be used for performing test
site validation measurements and identify the frequency ranges over which those antennas are permitted to
operate when performing test site validation measurements.

Only antenna types specifically listed in Table 7 and Table 8, when used over the frequency ranges listed
for their operation in Table 7 and Table 8 (and used in a manner consistent with the normative footnotes in
Table 7 and Table 8) shall be used for performing test site validation measurements.

Table 7—Radiated emission antennas for use in performing
test site validation measurements (NSA 30 MHz to 1000 MHz)

# Antenna types ? (see NOTE) Freqt;;;nl?;)r ange Footnotes
1 Resonant tuned dipole (passive) 30-1000
2 Biconical dipole 30-200 b
3 Log-periodic dipole array (LPDA) 200-1000
NOTE—The regulatory authority or purchasing agency might require accreditation of antenna calibration laboratories.

2 To be acceptable for use in performing 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, 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
having demonstrated competence in performing the specific antenna calibration method or methods and to cover the
required frequency range (e.g., this competence may be demonstrated through accreditation: see NOTE above). For
further details, see 4.6.3.

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 Q 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 ANSI C63.4a-2017 and
ANSI C63.5.
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Table 8—Radiated emission antennas for use in performing
test site validation measurements (Svswr or TD Syswr 1 GHz to 18 GHz) 3¢

# Antenna types ? (see NOTE) Footnotes

1 Precision biconical dipole b,c

2 Log-periodic dipole array (LPDA) c.d

3 Waveguide horn e

4 Double-ridge guide horn (passive) Ge

5 Double-ridge guide horn (active) c.ef
NOTE—The regulatory authority or purchasing agency might require accreditation of antenna calibration laboratories.

2 To be acceptable for use in performing 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, 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
having demonstrated competence in performing the specific antenna calibration method or methods and to cover the
required frequency range (e.g., this competence may be demonstrated through accreditation: see NOTE above). For
further details, see 4.6.3.

The use of precision broadband omnidirectional (biconical) antennas is permitted when performing test site
validation measurements using the Svswr or TD Svswr Method ONLY if they comply with the constructional and
pattern requirements specified in 7.4 of CISPR 16-1-4:2020-06. No other types of biconical antennas shall be used
for test site validation above 1 GHz.

When performing test site validation by means of the Svswr or TD Svswr Method, the receive antenna(s) used for
performing test site validation measurements above 1 GHz shall comply with 4.6 of CISPR 16-1-4:2020-06.

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 performing 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.

The largest aperture dimension, D, of these horn antennas (i.e., length or width; in meters) shall be small enough so
that the measurement distance (in meters) is equal to or greater than the Rayleigh distance (i.e., Rm = D?/ 24), where
A is the free-space wavelength (in meters) at the frequency of measurement.

The use of an active horn antenna is permitted when Svswr or TD Svswr 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
Svswr or TD Svswr Method test site validation measurements are made in a non-shielded environment (e.g., an
OATS); however, users shall 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, corrective action
shall be taken (e.g., use of a notch filter, reorientation of the measurement axis) to eliminate the saturation condition.

3¢ The shading on table footnotes is used only to enhance readability; all footnotes have equal importance.
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4.5.2 Magnetic field measurements (9 kHz to 30 MHz)
4.5.2.1 General

EUTs with largest dimension greater than 1.6 m (see row #1 of Table A.4) shall be measured for radiated
emissions at frequencies within 9 kHz to 30 MHz in terms of magnetic field strength using the small loop
antenna, compliant with the requirements in 4.5.2.2.

Unless otherwise specified by the regulatory authority or purchasing agency, EUTs with largest dimension
of up to 1.6 m (see row #1 of Table A.4) shall be measured for radiated emissions at frequencies within
9 kHz to 30 MHz either using the small loop antenna specified in 4.5.2.2 (in terms of magnetic field
strength) or using the large loop antenna system (LLAS) specified in 4.5.2.3 (in terms of induced current in
the three large loops of the LLAS).

The determination of the largest dimension of the EUT shall include the entire EUT arrangement (i.c.,
including all EUT components and auxiliary equipment, as well as the length of each cable that is required
to be exposed during measurements, as per the requirements specified in this standard).

4.5.2.2 Shielded, balanced loop antenna

Either a passive small loop antenna or an active small loop antenna compliant with CISPR 16-1-4:2020-06
shall be used to measure radiated emissions in terms of magnetic field strength in the frequency range of
9 kHz to 30 MHz. A ferrite-rod antenna (as specified in CISPR 16-1-4:2020-06) shall not be used for
ANSI C63.29 measurements. See Table 1 and Table 4 for the applicable conditions of use of small loop
antennas.

NOTE—The loop antenna used to perform magnetic field strength measurements for the purpose of ANSI C63.29 is
traditionally referred to as the “60 cm” loop antenna. However, its diameter (for circular loop antennas) or largest side
(for rectangular loop antennas) can be any smaller value and can never be exactly 60 cm, due to the requirement
specified in CISPR 16-1-4:2020-06 that the loop antenna has to fit in a square of 60 cm on a side. In practice, loop
antennas with a diameter (circular loop antenna) or side (rectangular loop antenna) of at least 50 cm are typically used
to help minimize the antenna factor values as a function of frequency and improve the measurement system sensitivity
(see 4.1).

4.5.2.3 Large loop antenna system (LLAS)

Provided the regulatory authority or purchasing agency allows it, EUTs with largest dimension of up to
1.6 m (see row #1 of Table A.4) may alternatively be measured using the LLAS.

The LLAS holds several advantages over the small loop antenna. These include:

— The LLAS is largely insensitive to external ambient signals, allowing it to be used at any location.

— The LLAS includes three orthogonally-placed large loop antennas, completely surrounding the
EUT. As such, efficiency of measurement can be realized, with no need to change the orientation
of the EUT (in case of hand-held, wall-mount or ceiling-mount equipment) or rotate the EUT
through 360°.

— The LLAS is more sensitive to EUT emissions (because it is located so close to the EUT), allowing
detection of significantly more EUT emissions than the small loop.

— The LLAS measures all EUT emissions, in all directions in 3D space around the EUT.
The large loop antenna system (LLAS) consists of three loops of 2 m diameter positioned orthogonally to
one another and supported by a non-metallic base. The three orthogonal loops allow the measurement of

the magnetic field strength emitted by the EUT in all possible polarizations/orientations without requiring
the rotation or reorientation of the EUT. This is performed by measuring the current induced in each one of

Documents

43 Document Sharing Hub

Copyright © 2023 USEMCSC and IEEE. All rights reserved.

Full document details: IEEE C63.29-2022


http://www.avadocuments.com/doc/ieee-c63-29-2022
http://www.avadocuments.com/doc/ieee-c63-29-2022

ANSI/USEMCSC C63.29-2022
American National Standard for Methods of Measurement of Radio-Frequency Emissions from Lighting Devices

the three loops and converting this current to an equivalent magnetic field strength value at a set distance
from the EUT by means of applying a set conversion factor, at each frequency of measurement.

The LLAS shall comply with the construction, electrical, calibration, and validation requirements set out in
CISPR 16-1-4:2020-06 amended and complemented in accordance with Annex D.

4.5.3 Electric field measurements (30 MHz to 1000 MHz)

Linearly polarized antennas, as specified in ANSI C63.5, shall be used to measure electric fields in the
frequency range of 30 MHz to 1000 MHz (see also CISPR 16-1-4:2020-06). Specifically, tuned dipole
antennas, biconical dipole antennas, LPDA antennas, and hybrid antennas may be used. However, hybrid
antennas shall be used only if the requirements specified in Annex I are satisfied. Antennas shall comply
with Clause 4 of CISPR 16-1-4:2020-06. See Table 2 and Table 5 for the applicable conditions of use for
tuned dipole antennas, biconical dipole antennas, LPDA antennas, and hybrid antennas.3’

4.5.4 Electric field measurements (1 GHz to 40 GHz)

Linearly polarized antennas as specified in Table 3 and Table 6, as applicable, and calibrated in accordance
with ANSI C63.5, shall be used (see also CISPR 16-1-4:2020-06). These antennas include hybrid antennas,
LPDAs, double-ridge guide horns,?® quadruple-ridge 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 for measurements within 1 GHz to 18 GHz, which shall be
taken as the half-power (3 dB) beamwidth of the antenna (see Figure 24), shall be large enough to
encompass the physical size of the EUT or system arrangement, in both width and height but excluding
EUT cables that connect to the outside environment (i.e., power or remotely located SE) and portions of
any rack in which the EUT is installed if these do not include any EUT units, when located at the
measuring distance, in each antenna polarization used for measurements, when the antenna is placed at its
lowest height of 1 m (see row #7 of Table A.4) and aligned with the mid-width of the EUT arrangement (as
illustrated in Figure 25 and Figure 26). The same is recommended for measurements within 18 GHz to
40 GHz. See also 9.3.4.2.

NOTE 1—Double-ridge guide horn antennas are sometimes referred to using the deprecated descriptive “double-ridged
guide horn antenna.”

The aperture dimensions of the horn antenna shall be small enough so that the measurement distance is
equal to or greater than the Rayleigh distance (i.e., Rm = D? / 2, where D is the largest dimension of the
antenna aperture and A is the free-space wavelength at the frequency of measurement). The same
requirement applies for the other types of antennas mentioned in this subclause, but in that case D is the
largest dimension of the antenna elements active at the frequency of measurement. In case of dispute,
measurements made with a standard-gain horn antenna shall take precedence.

The antenna used for performing final compliance measurements on EUTs and that used for test site
validation shall both comply with 4.6 of CISPR 16-1-4:2020-06.

NOTE 2—It is recommended that the antenna used for site validation measurements should be of same type,
production series, and model number as the antenna used for final compliance measurements on EUTs at that site.

37 Some regulatory authorities and/or purchasing agencies might require the use of a reference antenna (i.e., tuned dipole as described
in 6.3, Annex C, and Annex D of ANSI C63.5-2017) for measurements of radiated emissions.

38 Users should exercise caution when using “conventional” double-ridge guide horn antennas at frequencies above approximately
12 GHz, because such antennas suffer lobe splitting and rotation of the split lobes out of the principal planes of polarization. This can
result in a significant reduction in the gain of the antenna in the direction of the mechanical boresight.
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4.6 Calibration of measuring equipment

4.6.1 General requirements

All measurement equipment, instruments, and corresponding ancillary equipment (e.g., cables), including
all ancillary equipment in the signal path used for measurements as specified in this standard shall be
calibrated. 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.

4.6.2 Confirmation interval

The calibration of all instruments, measurement equipment, and ancillary equipment 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. Other requirements can also apply, such as CISPR 16-1-1:2019-05 or
ANSI C63.2 for the measurement instrument. All instruments, measurement equipment, and ancillary
equipment in the measurement path 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.

4.6.3 Antenna calibration
For the LLAS, see Annex D.

All antennas, other than the LLAS, shall be calibrated in accordance with ANSI C63.5 and this subclause,
including antennas used for performing NSA measurements for standard test site validation and alternative
test site validation (see 5.4.1 and 5.4.2) and antennas used for performing Svswr [or time domain (TD)
Svswr, if allowed by the regulatory authority or purchasing agency] measurements for test site validation
above 1 GHz (see 5.5).

Antennas shall be calibrated at regular intervals (i.e., periodically calibrated) as described in 4.6.2 and
calibrated after repair or when damage or deterioration is suspected or known to have occurred.
Notwithstanding the provisions of the preceding sentence, precision broadband omnidirectional (biconical)
antennas used for Svswr (or TD Svyswr, if allowed by the regulatory authority or purchasing agency) site
validation testing (see also 5.5.1) and complying with the constructional and pattern requirements specified
in 7.4 of CISPR 16-1-4:2020-06 need not be periodically calibrated, unless damage or deterioration is
suspected or known to have occurred.

The quantities that shall be calibrated as a function of frequency, over the entire frequency range over
which the antenna is used, depend on the antenna type, as follows:
a)  Antenna factor (all antenna types)

b) Return loss at the antenna coaxial port (only for antennas used in the 30 MHz to 1 GHz frequency
range)

c) Antenna symmetry (hybrid and biconical antennas)

The return loss and the antenna symmetry need not be periodically calibrated unless damage or
deterioration is suspected or known to have occurred.

The return loss at the antenna’s coaxial port shall be measured in accordance with A.8.7 of
CISPR 16-1-6:2017-01. The return loss within 30 MHz to 1 GHz shall be greater than or equal to 7.36 dB
[i.e., voltage standing wave ratio (VSWR) smaller than or equal to 2.5:1].
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NOTE 1—If the antenna has a small return loss (i.e., large VSWR), this can be corrected by adding an attenuator on the
antenna coaxial output port.

To be acceptable, an antenna calibration certificate/report for the antenna factor, i.e., 4.6.3a), shall have
been issued by an antenna calibration laboratory having demonstrated competence in performing the
specific antenna calibration method or methods, over the required frequency range, and the calibration
certificate/report shall include the calibration measurement uncertainty.

NOTE 2—Antenna calibration in accordance with ANSI C63.5-2017 is a challenging process with additional site
performance requirements as defined in Annex J of ANSI C63.5-2017 and other aspects that can cause problems. The
process can only be performed using proper equipment, relevant procedures, and experienced staff. The regulatory
authority, accreditation body, or purchasing agency might require accreditation of antenna calibration laboratories.

Small loop antennas shall be calibrated in accordance with Annex N of ANSI C63.5-2017.

NOTE 3—Annex N of ANSI C63.5-2017 is informative. However, that annex is made normative for calibrating the
small loop antenna for use in measurements according to ANSI C63.29, by the use of “shall” in the above paragraph.

4.6.4 LISN impedance and insertion loss

The attenuation (insertion loss) between the EUT receptacle and the measuring instrument port on the LISN
(see Annex C for an example method of measurement) shall be accounted for when calculating the EUT
emission levels, at each frequency of measurement. The impedance and insertion loss of each LISN used in
conducted emissions testing shall be measured over the frequency range of use. 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 C, which also includes the requirements the LISN
impedance shall comply with (nominal impedance magnitude and phase values and maximum tolerances).
The LISN shall be checked routinely to confirm acceptable performance; see 4.6.2.

NOTE—It is suggested that the insertion loss measurement be carried out after the completion of the impedance
measurements.

4.6.5 Insertion loss of passive devices and preamplifier gain

The insertion loss of passives included in the measurement path (such as cables, attenuators, directional
couplers, and filters), as well as the gain of preamplifiers used for connection of antennas or other
transducers to measuring instruments (e.g., EMI receivers, spectrum analyzers) shall be characterized over
the used frequency range and the calibrated loss or gain factor shall be applied for correcting the
measurement result before comparing with the applicable limit, at each frequency of measurement.

Cables shall be 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. This should also be applied
for the other passive components used during measurements (such as attenuators, filters, couplers,
adapters).

3 For example, see http://www.gore.com/en_xx/products/cables/microwave/changes_insertion_loss_phase.html.
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4.7 Figures for Clause 4
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Figure 1—Example use of a voltage probe for measurements at a user’s installation

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 (5.1) shall be observed.

5.1.2 Power source
5.1.2.1 Direct current (dc) network powered EUT

This subclause does not apply to EUT powered from ac mains through an external power adapter or another
device.

For EUT powered from a dc network, the voltage supplied to the EUT power input port, while the EUT is
in its normal operating mode, shall be within £10% of the voltage specified for the EUT.
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5.1.2.2 AC mains powered EUT

Sufficient ac power shall be available to operate the EUT at its rated voltage, current, power, and
frequency. The line voltage supplied to the EUT shall comply with Table 9, as applicable.

When power is provided to the EUT from a local power supply, instead of from 60 Hz public utility lines,
the line frequency supplied to the EUT shall be 60.00 Hz + 0.10 Hz. Testing according to this standard
shall not be carried out using ac power with a nominal line frequency of 50 Hz. In exceptional cases, the
use of other line frequencies is permitted if these are used in North America and the EUT is designed to be
powered from an ac power source of such nominal line frequency (e.g., 16.66 Hz).

The voltage level and the frequency of the ac mains power supplied to the EUT shall be verified to be

within the tolerances specified in this subclause at the ac mains power input of the EUT, for each test
configuration, with the EUT operational.

Table 9—Nominal line voltages and allowable voltage tolerances ?

Nominal wye line-to- Nominal wye or delta Allowable voltage Allowable voltage
neutral voltage line-to-line voltage tolerance tolerance range
(Vrms) (Vrms) (from nominal) (Vrms)
120 (single-phase) N/A +5% 114.0-126.0 (L-N)
. 114.0-126.0 (L-N)
s 0,
120 240 (split-phase) +5% 228.0-252.0 (L-L)
114.0-126.0 (L-N)
+509,
120 208 3% 197.6-218.4 (L-L)
N/A 208 +5% 197.6-218.4 (L-L)
263.2-290.9 (L-N)
0,
277 480 5% 456.0-504.0 (L-L)
N/A 480 +5% 456.0-504.0 (L-L)
329.6-364.4 (L-N)
V)
347 600 =% 570.0-630.0 (L-L)
N/A 600 +5% 570.0-630.0 (L-L)
NOTE 1—All values listed in this table assume that the line frequency is 60.00 Hz + 0.10 Hz.
NOTE 2—Where line-to-neutral voltages are stated as N/A, the circuit is assumed to have no neutral conductor.

# If an electronic power supply or a locally-operated rotating machine is used to provide the voltage for testing, it
is required to verify that both the line frequency and the line voltage are within the tolerances stated in this table
and in this subclause while the EUT is operating in its normal state, under its maximum or typical load
conditions, as applicable.

5.1.3 Ambient disturbances and signals

AC power-line conducted and radiated ambient signal levels, measured at the test site with the EUT de-
energized, shall be:

— At least 6 dB below the allowable limit of the applicable specification or standard when measured
in peak detection mode (preliminary scans); or

— If the measured levels of ambient plus EUT emission are not above the applicable limit, when
measured with peak detector or with the detector for which the limit is specified, then 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 9.3.2.2, 9.3.3.2, or 9.3.4.3, as applicable, and extrapolate results to the specified limit
distance in accordance with 9.2. The measurement distance and the method of extrapolation shall

be described in the test report.
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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
the level of 6 dB below the limit or lower.

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

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 consists of only one single
spectral component of a specific EUT emission, and if the ambient field is broadband, then reduce
the resolution bandwidth if using a spectrum analyzer or reduce the bandwidth if using an EMI
receiver while keeping the signal being measured within the pass band of the IF filter at all times.

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 / signals and
EUT emissions.

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 input of the LISN.

5.1.4 EUT turntable
5.1.4.1 General

For radiated emissions (except for measurements with the LLAS), a remotely controlled turntable shall be
installed at the test site to support the EUT arrangement. This turntable shall be capable of continuous rotation
through 360° of azimuth (e.g., £180°, or 0° through 360°). This requirement is waived only for excessively
large EUTs, where a suitable turntable is not available, in which case the requirements for measurement at a
specified minimum number of azimuth angles shall apply, as per 9.3.2.2,9.3.3.3, and 9.3.4.4.

5.1.4.2 Turntable for radiated emissions measurements at and below 1 GHz

If the turntable is flush mounted (ignoring any annular ring around the turntable periphery), with its top
surface at the level of the ground plane, it shall be metallic or metal covered.

A non-metallic turntable may only be used provided the following conditions are satisfied:

a) The non-metallic turntable is located above the metallic ground plane. The metallic ground plane
shall be continuous below the entire surface of the non-metallic turntable, with the exception of any
openings in the turntable for passing EUT cables outside the test site, as long as the test site
validation requirements are met.

b) The top surface of the non-metallic turntable shall be such that the lowest surface of the EUT is at a
height above the metallic ground plane that complies with the requirements in 6.3.2.1 (for tabletop
EUT), in 6.3.3.1 (for floor-standing EUT), and in 6.3.4.1 (for combination EUT).

¢) A non-metallic turntable shall not be used for floor-standing equipment that is normally installed in
direct contact with a metallic floor (see 5.2.2 and 6.3.3.1).

NOTE—Lifting the floor-standing EUT above the metallic ground plane can increase the level of some of its
emissions, as compared with the situation where the EUT is in direct contact with the metallic ground plane.
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