IEEE SA

STANDARDS
ASSOCIATION

American National Standard for
Validation Methods for Radiated
Emission Test Sites, 30 MHz to 1 GHz

Co63®

USEMCSC C63® Committee on Electromagnetic Compatibility —
an ANSI-Accredited Standards Developer

Accredited by the
American National Standards Institute

ANSI/USEMCSC C63.25.2-2024

< IEEE

Full document details: IEEE C63.25.2-2024

ISTANDARDS |..w

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/ieee-c63-25-2-2024
http://www.avadocuments.com/doc/ieee-c63-25-2-2024

ANSI/USEMCSC C63.25.2-2024

American National Standard for
Validation Methods for Radiated
Emission Test Sites, 30 MHz to 1 GHz

USEMCSC C63® Committee on Electromagnetic Compatibility

Accredited by the
American National Standards Institute

Secretariat

Institute of Electrical and Electronics Engineers, Inc.

Approved 8 April 2024
American National Standards Institute

C63"

Documents

Document Sharing Hub

Full document details: IEEE C63.25.2-2024


http://www.avadocuments.com/doc/ieee-c63-25-2-2024
http://www.avadocuments.com/doc/ieee-c63-25-2-2024

Abstract: ANSI/USEMCSC C63.25.2 is a stand-alone standard for site validation measurements
of radiated emission test sites from 30 MHz to 1 GHz. The site validation techniques covered are
the site comparison method and the delta normalized site attenuation method. In addition, the
traditional normalized site attenuation method is retained for continuity. This standard incorporates
Annex D of ANSI C63.4-2014 and ANSI C63.14a-2017 as well as necessary information from ANSI
C63.5-2017 related strictly to site validation requirements (for example, antennas allowed to be
used, geometry-specific correction factors for biconical dipoles used in normalized site attenuation
measurements). This standard can be referenced by other ANSI/USEMCSC C63 standards where
site validation requirements are necessary.
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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® (American National Standards Institute) (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.? 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 USEMCSC 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.
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Introduction

This introduction is not part of ANSI/USEMCSC C63.25.2-2024, American National Standard for Validation Methods
for Radiated Emission Test Sites, 30 MHz to 1 GHz.

After years of site validation (SV) measurement procedures being contained in the ANSI C63.4-2014 [B1]
and its amendment, ANSI C63.14a-2017 [B2], the USEMCSC C63 Committee decided to create a separate
standard, specific for SV procedures.® Therefore, product standards that require SV, for example,
ANSI C63.4-2014 and ANSI C63.42-2017, ANSI C63.10-2020 [B4], ANSI C63.26-2015 [B7], can be
updated to refer to a specific source. This also has the advantage that if changes are needed to SV procedures,
a product standard would not have to wait for a change to ANSI C63.4-2014 [B1] and ANSI C63.14a-2017
[B2].

In addition to the traditional normalized site attenuation (TNSA) method, two additional methods of
validating the site are included in this standard. The site comparison method (SCM) is a procedure where a
set of measurements of site attenuation (SA) are performed at a reference test site [which is an antenna
calibration site (ACS)] and then the same antennas are used to measure the SA at the site under validation
(SUV); the difference of these values can be directly compared to the SV criterion (+4 dB). The second
additional method is the delta NSA (DNSA) method, where standard biconical antennas are used after
obtaining their free-space antenna factors; this method then compares the measured NSA values with
numerically computed theoretical NSA values.

This standard provides more flexibility than the previous solutions in ANSI C63.4-2014 [B1] and ANSI
C63.14a-2017 [B2], because the user has the option to select between three techniques, when the conditions
of the method can be satisfied.

¢ The numbers in brackets correspond to those of the bibliography in Annex I.
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American National Standard for
Validation Methods for Radiated
Emission Test Sites, 30 MHz to 1 GHz

1. Overview

1.1 Scope and purpose

The purpose of this standard is to specify validation methods of test sites used for radiated emissions
measurements in the frequency range 30 MHz to 1 GHz as required by ANSI/USEMCSC C63 standards.
The site validation (SV) requirements specified in this standard are applicable to standard test sites (see 4.2)
as well as alternative test sites (see 4.3).

1.2 Word usage

The word shall indicates mandatory requirements strictly to be followed to conform to the standard and from
which no deviation is permitted (shall equals is required to).”

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).

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

1.3 Additional word usage conventions

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.

7 The use of the word must is deprecated when stating mandatory requirements; must is used only to describe unavoidable situations.
The use of the word will is deprecated when stating mandatory requirements; will is only used in statements of fact. D 0 c u m ent S
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Footnotes in text are included only for information, clarification, and/or as an aid applicable to the use of the
standard, but mandatory requirements are not included in text footnotes.

In this standard, 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.

The word shall when 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.

1.4 Dimensional tolerances

Tolerances for spatial dimensional requirements specified in this standard are given in the tables of the
normative Annex C 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 Table C.1)” to lead the user to the applicable tolerance.

Tolerances for non-spatial parameters should be consistent with good engineering practice.

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 lesser in comparison to the dimensional requirements themselves.’

2. Normative references

The following referenced documents are indispensable for the application of this standard (i.e., they must be
understood and used; therefore, each referenced document is cited in the text and its relationship to this
standard is explained). For dated references, only the edition cited applies. For undated references, the latest
edition of the referenced document (including any amendments or corrigenda) applies. However, for undated
references, unless otherwise stated by the regulatory authority or purchasing agency, a transition period of
two years applies, starting from the date a new edition of such a reference is published, within which either
the previous or the new edition shall apply.

Where a dated reference to a specific clause, subclause, table, figure, or annex of another document is made
within this standard, it is acceptable to use a more recent edition of the referenced document provided
identical text exists in both editions of that document for the referenced clause, subclause, table, figure, or
annex.

NOTE—In-text references, within ANSI C63.25.2, to a specific clause, subclause, table, figure, or annex of another
document are dated even if the corresponding document is listed as an undated normative reference below.

° 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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ANSI C63.5-2017, American National Standard for Electromagnetic Compatibility—Radiated Emission
Measurements in Electromagnetic Interference (EMI) Control—Calibration of Antennas (9 kHz to 40 GHz).!

CISPR 16-1-5:2016, Specification for radio disturbance and immunity measuring apparatus and methods —
Part 1-5: Radio disturbance and immunity measuring apparatus — Antenna calibration sites and reference test
sites for 5 MHz to 18 GHz (Edition 2.1; Consolidated Reprint).!!

CISPR 16-1-6:2017, Specification for radio disturbance and immunity measuring apparatus and methods —
Part 1-6: Radio disturbance and immunity measuring apparatus — EMC antenna calibration (Edition 1.1;
Consolidated Reprint).

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this standard, the following terms and definitions apply. The /EEE Standards Dictionary
Online'? and ANSI C63.14 [B6]" 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.

antenna calibration site (ACS): Site that satisfies either ANSI C63.5-2017 Annex J or the CALTS
requirements defined in CISPR 16-1-5:2016.

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

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

NOTE 2—In contrast, ANSI C63.5-2017 includes the text of the previous note in the definition text.

antenna pair: Two antennas that cover the same frequency range, are of the same type and have impedance
and physical dimensions that are nominally identical.

NOTE—Ideally, the two antennas should be from the same manufacturer, have the same model number and have the
same build standard. If the antennas are not identical, then additional unknown uncertainties can be introduced.

calibration test site (CALTS): Site with a metallic ground plane and tightly specified site insertion loss in
horizontal electric field polarization that is used for calibrating antennas.

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

19 ANSI C63 publications are available from the United States EMC Standards Corporation through The Institute of Electrical and
Electronics Engineers (https://standards.ieee.org/) and the American National Standards Institute (https://www.ansi.org/).

! CISPR documents are available from the International Special Committee on Radio Interference through the International
Electrotechnical Commission (https://www.iec.ch/) and the American National Standards Institute (https://www.ansi.org/).

12 [EEE Standards Dictionary Online subscription is available at https:/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.

13 The numbers in brackets correspond to those of the bibliography in Annex 1.
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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—Within IEC CISPR standards, LISNs are called artificial mains networks (AMNS).

measurement axis: Principal axis for SV that is a line passing through the projection on the ground plane of
the center of the test volume and of the measurement (receive) antenna's reference point, with the latter placed
at the location used for measurements on EUTs.

NOTE—The measurement axis is illustrated in Figure 1 (while performing EUT measurements) and in Figure 2 (while
performing site validation).

measurement distance: Horizontal separation distance between the projections on the ground plane of
reference points of the transmit antenna and the receive antenna, which are specified in 4.2 of ANSI C63.5-
2017.

NOTE 1—See Table C.1 for allowed tolerance on the measurement distance value.

NOTE 2—This is equal to the distance between the receive antenna and the EUT boundary used during EUT
measurements.

NOTE 3—See Figure 1 of ANSI C63.5-2017.

measurement geometry: Specific configuration of the antenna pair either along the measurement axis or
with the transmit antenna at an offset from this axis, with both antennas at the measurement distance (R)
from each other, in the same polarization, and with the transmit antenna at a specific height.

NOTE 1—Offsets from the centerline are required on alternative test sites (4.3), see Figure 8.

NOTE 2—During SV measurements, the transmitting antenna is set to a specific height and the receiving antenna is
scanned in height over a given range.

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 C).

nominally identical: Devices that are identical within the variation that can be expected to arise as a result
of quantity production techniques.

NOTE 1—This definition is per U.S. Code of Federal Regulations Title 47 §2.908.

NOTE 2—The phrase “nominally identical” is often applied specifically to the parameters that describe the key properties
of devices. For example, two log-periodic dipole array (LPDA) 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. (modified 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.”

NOTE 3—See ANSI C63.5-2017 for details about applicable antenna factors and other parameters.
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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.

standard biconical antenna: Antenna of dimensions that are within the ranges specified in Figure F.1.

NOTE—Most commercial biconical antennas satisfy the requirement because they are based on the specifications listed
in MIL-STD 461-1969 [B20].

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

3.2 Acronyms and abbreviations

ACS antenna calibration site

AF antenna factor

CALTS calibration antenna test site
DNSA delta NSA

EMC electromagnetic compatibility
EMI electromagnetic interference
EUT equipment under test

FSAF free-space antenna factor

GSCF geometry-specific correction factor
LISN Line Impedance Stabilization Network
LPDA log-periodic dipole array

MSA measured site attenuation

NEC Numerical Electromagnetic Code
NFSAF near-free-space antenna factor
NSA normalized site attenuation
OATS open-area test site

RF radio frequency

SCM site comparison method

SI international system of units
SSM standard site method

SUvV site under validation

SV site validation

TNSA traditional NSA

VSWR voltage standing wave ratio
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3.3 Figures for Clause 3
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NOTE—Two different measurement axes are shown: a) and b). Measurements on EUTs might necessitate multiple
measurement axes, €.g., when the test site uses more than one antenna.

Figure 1—Measurement axis for EUT measurements
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NOTE—Two different SV main axes (centerlines) are shown: a) and b). These are the same as the measurement axes
used for EUT tests, with the same separation distance (see Figure 1).

Figure 2—Measurement axis for site validation
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4. Test facilities

4.1 Introduction

The measurement method for radiated emissions in the frequency range 30 MHz to 1 GHz requires the
presence of a conducting ground plane, which provides repeatable and reproducible reflections of the
emissions radiated by the EUT that are received by the measurement antenna. This method also requires that
indirect reflections (i.e., reflections involving objects that are around the test site, such as the walls and ceiling
of'a semi-anechoic chamber) are minimized. For controlling the level of these indirect reflections, a validation
process is required. The goal of the SV measurement is to compare the site attenuation values measured on
a site under validation (SUV) to those measured on an antenna calibration site (ACS) or those calculated.

The conducting ground plane can be a metal sheet on an open field (with or without a weather protective
cover), be part of a screened room, the floor of an indoor room or some other structure. Based on these
characteristics, the SUV is classified as a standard test site (4.2) or an alternative site (4.3). These two
different types of facilities have different validation processes.

NOTE—Product standards (such as ANSI C63.4-2014 [B1] and ANSI C63.14a-2017 [B2] or ANSI C63.10-2020 [B5])
either require a minimum obstruction-free area around the test site or require that during measurements on EUTs there
are no additional or different obstructions than were present during the SV measurements within an area around the test
site defined by an ellipse, such as illustrated in Figure 1 of ANSI C63.7-2015 [B4].

4.2 Standard test site

A standard test site consists of a conductive metal plane that covers the ground on an open, flat, level area
that is clear of overhead wires, overhead building supports and other reflecting structures, except for the
metallic ground plane, and is sufficiently large to permit measuring antenna placement at the specified
distance from the EUT. This is commonly called an open-area test site (OATS).

A single-position SV, where the transmit antenna is positioned at the center of the turntable, is suitable only
for standard test sites (see 8.1.7).

NOTE 1—Standard test sites do not need to satisfy the volumetric SV measurements as required by alternative test sites
(see 4.3).

NOTE 2—Clause 3 of ANSI C63.7-2015 [B4] specifies a standard test site as an “open-area test site (OATS) that does
not incorporate weather-protection (or other) structures above the surface of its ground plane.” ANSI C63.7-2015 [B4]
also provides additional guidance on the desired characteristics, construction, and deterioration possibilities of a standard
site.

4.3 Alternative test sites

Radiated emission measurements can also be made at certain types of alternative test sites. Alternative test
sites could include the following:

—  Metal test chambers with RF absorber materials added to reduce resonances and reflections

—  Semi-anechoic chambers

— Office or factory buildings large enough for reflections to not disrupt the field at the point of
measurements

—  Weather-protected standard test site regardless of whether the weather-protection structure covers
only a portion of (for example, the turntable area) or the entire standard test site
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All such alternative sites shall comply with the volumetric SV requirements of 8.1.6 over the volume
occupied by the EUT or the EUT arrangement to be accepted as an alternative test site. This is required
because a single position SV measurement is insufficient to pick up possible reflections from the construction
materials or the RF absorbing materials covering the walls and ceiling of a test site or weather-protection
coverings for an OATS.

5. Overview of site validation methods

5.1 General

There are three different SV methods specified in this standard: site comparison method (SCM) (see 5.2),
delta normalized site attenuation (DNSA) method (see 5.3), and the traditional normalized site attenuation
(NSA) method (TNSA) (see 5.4). The SUV shall be validated by measurements using one of the three
methods (given in 5.2, 5.3, or 5.4) as appropriate.

NOTE—The SCM is the simplest process; users are encouraged to use this method. The TNSA method was included to
aid transition. Annex G demonstrates the equivalency between the SCM and the TNSA method.

5.2 Site comparison method (SCM)

With this method, the measured site attenuation of the SUV is compared with the measured site attenuation
of an ACS. The site attenuation deviation A4, is the difference between the results measured on the SUV

and those measured on the ACS using the same pair of antennas on both sites. The AA,,, are then compared
with the site acceptance criterion (see 8.1.5).

The SCM is specified in 8.2.
NOTE 1—In this case, the antenna factors (AFs) do not need to be known because they are canceled out.
NOTE 2—I1t is recognized that a test laboratory might not have their own ACS, and it is acceptable to use a third party.

NOTE 3—The SCM method is intended to be identical to the Reference Site Method described in CISPR 16-1-4:2020
[B14].

5.3 Delta NSA (DNSA) method

This method is based on measuring the site attenuation of the SUV that is then corrected with both near-free-
space antenna factors (NFSAFs) and calculated correction values (A4Fpnsa) to derive NSA values. These
NSA values are then subtracted from the theoretical NSA values to obtain A4, , which are then compared

with the site acceptance criterion (see 8.1.5).
The DNSA method is specified in 8.3.
This method can only be used with standard biconical antennas, in the frequency range 30 MHz to 200 MHz.

NOTE—Within this standard, factors have been introduced to allow the DNSA method to be used for validated test
volumes having a height greater than 2 m, and also for a 5 m measurement distance.
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5.4 Traditional NSA (TNSA) method

This method is based on measuring the site attenuation of the SUV that is then corrected with both NFSAF
and various correction factors (see Table 2) in order to derive NSA values. These NSA values are then
subtracted from the theoretical NSA values to obtain A4, , which are then compared with the site

acceptance criterion (see 8.1.5).

The TNSA method is specified in 8.4.

Geometry-specific correction factors (GSCFs) can be obtained from numerical computation or from
measured data on an ACS. Numerically computed GSCF corrections are available only for standard biconical

antennas in the frequency range 30 MHz to 200 MHz.

NOTE—The TNSA method was the only procedure specified in ANSI C63.4-2014 [B1] and ANSI C63.14a-2017 [B2]
and has been included in this standard to allow a simple transition to the use of the SCM and DNSA. The TNSA method
uses complicated corrections factors (GSCFs), which can lead to confusion and errors.'*

5.5 Common symbols

Some common symbols associated with the three SV methods are as follows:

Adg,,  is the site attenuation deviation of the SUV (in decibels)

h is the height of the reference point of the transmit antenna above the ground plane (in meters;
see Table C.1 for allowed tolerance)

hadz is the height of the reference point of the receive antenna above the ground plane (in meters;
see Table C.1 for allowed tolerance)

fu is the frequency (in megahertz)

R is the measurement distance (in meters; see definition in 3.1)

6. Measurement instrumentation and measurement antennas

6.1 Measurement instrumentation

The following contain general information for measurement instrumentation, use of ferrite, and signal
sources. Where more specific information is detailed in a procedure that takes precedence.

a) All measurement instrumentation (including network analyzers, signal generators, spectrum
analyzers, receivers, etc.) shall have a nominal impedance of 50 Q.

b) Impedance mismatches can result in reflections that could cause errors. These reflection errors can
be reduced by the use of attenuators, for example, at the antenna end of the transmit antenna cable
and at the receiver end of the receive antenna cable, for both Vprrecr and Vst measurements.
Attenuator values of 6 dB or 3 dB could be sufficient to reduce the errors. Alternatively, when using
a vector network analyzer, a full two-port calibration at the measurement plane where the cables
connect to the antenna pair reduces the impact of the reflections; in this case, matching attenuators
might not be necessary. See Figure 3.

14 The site validation process using measured GSCF values obtained as specified in Annex I of ANSI C63.5-2017 is mathematically
equivalent to comparing the measured site attenuation results directly to the results from the antenna calibration site (Chen [B12]). The
SV process using GSCF values for biconical antennas (see Annex F), or A4Fror for tuned dipole antennas (see Annex D) is functionally
equivalent to comparing the measured site attenuation results to numerically-derived site attenuation values for an ideal site.
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NOTE 1—A full two-port network analyzer calibration typically includes open, short, load, and through
measurements.

¢) Ferrite materials may be applied (for example, positioned at 25 cm intervals for the first 2 m of cable
where the cable attaches to the antenna) to both the transmit antenna cable and the receive antenna
cable, to serve as a common-mode choke that reduces the induced currents on the cable shield due to
coupling with the radiating elements.

d) The signal source shall provide sufficient power to produce a signal at the receiver input of at least
6 dB above the system noise floor. The following methods may be used for improving the signal-to-
noise ratio: reducing the intermediate frequency bandwidth, using averaging, and/or adding an
amplifier before the transmit antenna and/or a low-noise pre-amplifier after the receive antenna.

NOTE 2—To improve the measurement accuracy, it is recommended that the measured levels are significantly
greater than the minimum system noise floor, for example, 20 dB above the system noise floor (rather than the
minimum requirement of 6 dB).

e) Itis recommended to extend cables attached to antennas in the same horizontal plane as the antenna’s
reference point for a minimum distance of 1 m.

6.2 Measurement antennas

Table 1 specifies the types of antennas permitted to be used for SV measurements and their associated
frequency range limitations.

NOTE 1—Hybrid antennas of any type are not currently considered suitable because of the additional measurement
uncertainty associated with using these antennas.

NOTE 2—Dipole antennas can operate effectively over a wider range than the single frequency selected.

Table 1—Measurement antennas and frequency ranges

# Antenna Type Frequency range Other term used
. . Single Tuned dipole

1 | Resonant tuned dipole (passive) frequency 30 MHz to 1 GHz Roberts dipole

2 | Standard biconical Broadband 30 MHz to 200 MHz N/A

3 | Biconical (non standard) Broadband 30 MHz to 300 MHz N/A

4 | Log-periodic dipole array (LPDA) Broadband 200 MHz to 1 GHz N/A

6.3 Calibration of measuring equipment

6.3.1 General requirements

When the SV measurements are performed, the following equipment shall have been calibrated within the
last three years in a manner that is traceable to the international system of units (SI):

a)  Receiver (for example: spectrum analyzer, network analyzer, EMI receiver)

b)  Signal source (for example: signal generator, network analyzer, tracking generator)

c¢) The transmit antenna and the receive antenna, as specified in 6.3.2

Equipment used for SV measurements shall be recalibrated after repair, when damage or deterioration is
suspected or known to have occurred.
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NOTE—While the loss of passive elements and the gain of amplifiers/preamplifiers cancel out when calculating the SA,
it is good practice to characterize these, for identifying any items that are damaged or out of specification.

6.3.2 Antenna calibration
6.3.2.1 General

Antennas shall be calibrated over the frequency range of intended use. See Table 1 for limitations of the
frequency range for given antennas. The quantities that shall be calibrated as a function of frequency are
given in 6.3.2.2 through 6.3.2.4, while 6.3.2.5 specifies how to determine the free-space antenna factors.

6.3.2.2 Antenna and correction factors

The antenna pair shall be calibrated in accordance with ANSI C63.5-2017" for the requirements shown in
Table 3. The necessary antenna factors and correction factors depend on the SV process used. Table 2 lists
the required antenna factors, while the necessary correction factors are specified in brackets. The method
used to calibrate the antenna pair shall be documented.

NOTE 1—Antenna calibration in accordance with ANSI C63.5-2017 is a challenging process with additional site
performance requirements as specified 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 the laboratories that perform this
calibration.

Antenna factors usually account for losses in the balun. If either a separate balun or any integrally associated
attenuators, or both, are used, their effects shall be included in the antenna calibration results.

Where antennas are calibrated with external matching attenuators and the associated losses are included in
the antenna factors, these external matching pads shall remain attached to the antennas during Vg
measurements (see Figure 3).

NOTE 2—These external matching attenuators are not to be confused with other attenuators that can be inserted in the
SV setup for reducing VSWR on its various cables. See Figure 3.

The two antennas shall be labeled based upon the arrangement used during calibration and the same
arrangement shall be used during the site validation measurement. The labeling shall include the following
arrangement characteristics:

a) Antenna used to transmit

b) Antenna used to receive

¢) Side having the antenna elements oriented towards the ground plane when in vertical polarization

d) Top position (or orientation) of the balun when the antenna is in horizontal polarization

15 Information on references can be found in Clause 2.
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Table 2—Antenna calibration and correction factor requirements for each SV method

o | Ant ¢ Dist a Method
ntenna [$
P istances TNSA SCM DNSA
i NESAF °
1 | Tuned dipole (AA4Fror, see Table D.5 ©) n/a
10m, 30 m NFSAF °
NFSAF °
3m (AA4FBicons, see Table F.1)
(GSCF, see Table F.4)
b No AFs or
NFSAF 0 b
Standard :
2 biz‘;‘ni"‘cral 5m¢ (AdFBicons, see Table F.1) | correction factors (AF NFSSe/:FTable Al
(GSCF, see Table F.3) necessary. DNSA, :
NESAF °
10m (AAFBicons, see Table F.1)
(GSCF, see Table F.2)
Biconical
3 | preoniea 3m,5m d, 10 m ¢|NFSAF ° + measured GSCF | n/a
(nonstandard)
4 | LPDA 3m,5mY 10 m ¢|NFSAF ® + measured GSCF n/a

aSee Table C.1 for the allowed tolerance.
®For DNSA, see 8.3.2. For TNSA, see 8.4.3.
¢ The factors listed in Table D.5 are for Roberts dipoles only; other factors are required if other types of dipoles are used.

4 Some regulatory authorities or purchasing agencies might not accept the use of a 5 m distance for measurements of
radiated emissions.

¢ Other distances may be used when using TNSA and SCM methods.
fThe GSCFs shall be measured using the methods specified in Annex I of ANSI C63.5-2017.

6.3.2.3 Return loss or VSWR at the antenna coaxial port
For each antenna, the return loss at its coaxial port shall be controlled using one of the following methods:

a)  An attenuator of minimum 4 dB shall be installed directly on the antenna coaxial connector.

b)  The return loss shall be greater than or equal to 7.36 dB, or the VSWR shall be less than or equal to
2.5:1, as measured in accordance with A.8.7 of CISPR 16-1-6:2017. The return loss (or VSWR) need
not be periodically calibrated. However, it shall be re-calibrated after repair, when damage or
deterioration is suspected or known to have occurred.

6.3.2.4 Antenna symmetry, for broadband antennas

The antenna symmetry for broadband antennas shall be calibrated in accordance with ANSI C63.5-2017,
except for the SCM in 8.2.

The antenna symmetry need not be periodically calibrated. However, it shall be re-calibrated after repair,
when damage or deterioration is suspected or known to have occurred.

6.3.2.5 Near-free-space and free-space antenna factors

The NFSAF of an antenna pair is obtained using a single geometry calibration, with both antennas in
horizontal polarization and separated by a 10 m distance, the transmit antenna at 2 m height, and the receive
antenna scanned in height from 1 m to 4 m (see ANSI C63.5-2017). The calibration from this step yields the
sum of the NFSAFs for the antenna pair, which is calculated using Equation (1):
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AF; g + AFy \ps = SA+ EJ* +201og f,, —48.92 @)
where
AF; s is the NFSAF for the transmitting antenna [dB(1/m)]
AF, s is the NFSAF for the receiving antenna [dB(1/m)]
SA is the measured site attenuation, equal to the minimum site insertion loss obtained from the
height-scanned measurement, in decibels
Ep© is a quantity calculated from the equations in Annex H [dB(pV/m)]
Sfu is the frequency in megahertz.

The free-space antenna factor (FSAF) of the pair of antennas is derived from the NFSAF of the pair by
subtracting a calculated offset based on the modeling for specific conditions. The factors are only valid when
these specific conditions are used. For example, in case of the DNSA method, the FSAF is determined by
subtracting the correction factor A4AFpnsa (see Table A.1) from the NFSAF, while the specific conditions in
this case are: the antenna is a standard biconical antenna with the correct impedance (for example, 50 Q).

6.3.3 Measurement validity
For measurements on a SUV to be considered valid the following conditions shall be satisfied:

a)  Each Vgrg measurement shall be performed within a period of 24 h from the corresponding Vpirect
measurement.

b) The change in ambient temperature between any Vsirg measurement and the corresponding Vpirect
measurement shall be less than 15 °C.

NOTE 1—Repeat the Vpirect measurement if the 24 h time period has elapsed. In addition, repeating the Vpirect
measurement resets the ambient temperature range.

NOTE 2—Cable losses can vary due to damage or large variations in the ambient temperature.

Documents

24 Document Sharing Hub
Copyright © 2024 USEMCSC and IEEE. All rights reserved.

Full document details: IEEE C63.25.2-2024


http://www.avadocuments.com/doc/ieee-c63-25-2-2024
http://www.avadocuments.com/doc/ieee-c63-25-2-2024

ANSI/USEMCSC C63.25.2-2024
American National Standard for Validation Methods for Radiated Emission Test Sites, 30 MHz to 1 GHz

6.4 Figures for Clause 6
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1. Attenuators can be used, for example, at the antenna end of the transmit antenna cable (41x2) and at the receiver end
of the receive antenna cable (Arx1), for both Vpirect and Vsite measurements, to reduce impedance mismatches; see
6.1b). Additional attenuators can be inserted at the other ends of the two cables (antenna end of the receive antenna
cable and measurement instrument’s end of the transmit antenna cable). However, too much attenuation degrades
the achievable noise floor of the entire measurement setup, especially for Vsite measurements.

2.  Where antennas are calibrated with external matching attenuators and the associated losses are included in the
antenna factors, these attenuators (Atx2 and/or Arx2) shall remain attached to the antennas during Vsite
measurements; see 6.3.2.2. However, contrary to what is illustrated in the figure, these attenuations shall not be
included in the Vbirect measurements (since they need to stay attached to the antenna and their loss is included in
the antenna factor of the antenna).

3. The antenna shall have a VSWR < 2.5:1 or an attenuator of at least 4 dB shall be installed on its coaxial port for site
validation measurements (Atx2 and 4rx2); see 6.3.2.3. These attenuators can be used for both Vprect and Vsite
measurements, as illustrated in the figure.

4. An extra cable can be necessary for the Vpirect measurements; for example, where the Tx cable is installed in a
conduit below the ground plane and the Rx cable is permanently attached to the antenna mast. Furthermore,
additional attenuation can be necessary for the Vpirect measurements to prevent overloading the measurement
instrument’s input. Where these are used, their loss shall be accounted for when determining Vbirgect.

NOTE—While not illustrated in this figure, an amplifier can be inserted in the RF output path and/or a pre-amplifier in
the RF input path for increasing the dynamic range of the measurement setup. These devices benefit from the use of
matching attenuators.

Figure 3—Use of attenuators during Vpirect and Vsite measurements
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7. Process selection and limitations

This standard gives various methods for performing SV measurements. The appropriate SV method to be
used is based on many factors, which are documented in Table 3.

Table 3—Site validation method selection criteria

. hi
Frequenc Height of the Antenna
Method Antenna type rgnge Y testg volume? polarization b LO.W er Up_per
height height
TNSA (5.4) Broadband 30 MHzto 1 GHz | Upto2m Horizontal I m 2.0m
SCM (5.2) Vertical I m 1.5m
2mto2.5m Horizontal Im 25m
Vertical 1 m 2.0m
25mto3.0m Horizontal Im 3.0m
Vertical I m 2.5m
Tuned dipole 30MHzto1 GHz | Upto2m Horizontal — 20m
Vertical — 275m9
DNSA (5.3) Standard 30 MHz to Upto2m Horizontal 1 m 2.0m
biconical only | 200 MHz Vertical Im 1.5m
2mto 2.5m Horizontal 1 m 2.5m
Vertical Im 20m
25mto3.0m Horizontal I m 3.0m
Vertical Im 25m
NOTE 1—Due to their dimensions at low frequencies, tuned dipoles cannot be used in all the various positions
required for validating an alternative site (see 4.3). The antenna tips might be too close to the ground plane, the wall
or ceiling absorbers, or the weather-protection covering.
NOTE 2—For the purposes of this document, the height of the test volume is not expected to be taller than 3 m;
therefore, the second antenna height for SV need not be greater than 3 m.

aFor test volumes with heights not listed in this table, NSA values need to be calculated in accordance with Annex H.

® For an example of a horizontal polarization setup, see Figure 4; for an example of a vertical polarization setup, see
Figure 5.

See Table C.1 for allowed tolerance.

4 The limiting factor of maintaining at least a 25 cm (see Table C.1 for allowed tolerance) clearance between the ground
plane and the lower tip of the receive antenna and the transmit antenna is addressed by fixing the transmit antenna height
at 2.75 m (see Table C.1 for allowed tolerance) for vertical polarization and restricting the downward travel of the receive
antenna. See Table D.4.

8. General site validation requirements

8.1 Common process

8.1.1 General

Subclause 8.1 contains SV requirements that are common to the three methods specified in this standard,
SCM (5.2), DNSA (5.3), and TNSA (5.4).

The basic SV measurement uses two antennas that are set up on the SUV in an appropriate measurement
geometry, as illustrated in Figure 4 and Figure 5. The SV procedure requires two different measurements of
the voltage received (V). The first reading of Vz, called Vpirect, is with the two coaxial cables disconnected
from the two antennas and connected to each other via an adapter. The second reading of V%, called Vsir, is
taken with the coaxial cables reconnected to their respective antennas and the maximum signal measured
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