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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote fairness
in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the
information contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other dam-
age, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, market,
or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the
time a standard is approved and issued is subject to change brought about through developments in the state of the art and
comments received from users of the standard. Every IEEE Standard is subjected to review at least every five years for
revision or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is reasonable to
conclude that its contents, although still of some value, do not wholly reflect the present state of the art. Users are cautioned
to check to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other services
for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or
entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a com-
petent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific
applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate action to prepare
appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its soci-
eties and Standards Coordinating Committees are not able to provide an instant response to interpretation requests except in
those cases where the matter has previously received formal consideration. At lectures, symposia, seminars, or educational
courses, an individual presenting information on IEEE standards shall make it clear that his or her views should be considered
the personal views of that individual rather than the formal position, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

NOTE—Attention is called to the possibility that implementation of this standard may require use of subject
matter covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.

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

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:08:30 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1560-2005


http://www.avadocuments.com/doc/ieee-1560-2005
http://www.avadocuments.com/doc/ieee-1560-2005

Introduction

This introduction is not part of IEEE Std 1560-2005, IEEE Standard for Methods of Measurement of Radio-Frequency
Power-Line Interference Filter in the Range of 100 Hz to 10 GHz.

The interest in low-voltage ac/dc radio interference filters has grown due to strict conducted emissions
requirements of many end-use equipment, appliances, and medical equipment standards. However, tests that
predict the performance of these filters in realistic situations have not been forthcoming. Until recently,
general design considerations were based on filter performance as a result of matched-impedance test
methods. The popular test specification for the measurement of electrical filter insertion loss is MIL-STD-
220A-1978 [B14],2 now MIL-STD-220B.? which also uses the matched-impedance method. The test
methods found in MIL-STD-220B are best suited for quality control during quantity production of power-
line filters. The specified matched-impedance test conditions are satisfactory for quality-control purposes
but do not represent conditions that exist in actual circuits or installations. The power source impedances in
actual installations are typically much lower than 50 ohms at frequencies in the filter stop band. These
methods should be the last step in the filter design and specification process. All too often, matched-
impedance method specifications are improperly used as the initial and primary design specification. The
insertion loss measurement results may bear little or no resemblance to the actual performance of the filter as
installed.

Because the nature of end-use loads and conducted emissions has changed significantly since the concept of
interference filters was developed, manufacturers of filters have put forth many efforts in the past few years
to enhance filter design and performance. Characterization of filters from the field and on-site investigations
indicated that many filters were operating in electrical environments where filter performance was
substantially degraded because of very low source and load impedances. Laboratory tests and research to
understand fully the performance of power-line filters in these realistic environments were conducted with
the cooperation of the respective manufacturers. As a part of the research, existing filter standards were
reviewed and studied in a laboratory environment. These studies indicated that improved standardized test
methods were needed to permit the manufacturer to describe, and the end user to understand and predict,
how a given filter would perform in the user’s environment. With participation from filter manufacturers
and a need to develop a new filter standard to support the filter industry, efforts were initiated by the
individuals in the Working Group to develop a new standard.

Notice to users

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http:/
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for
errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

#The numbers in brackets correspond to those of the bibliography in Annex A.
bInformation on references can be found in Clause 2.
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Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
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patents or patent applications for which a license may be required to implement an IEEE standard or for
conducting inquiries into the legal validity or scope of those patents that are brought to its attention.
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IEEE Standard for Methods of
Measurement of Radio-Frequency
Power-Line Interference Filter in the

Range of 100 Hz to 10 GHz

1. Overview

1.1 Scope

The scope of this standard is to develop a standard method of measurement for evaluating the
electromagnetic and radio frequency suppression capability of power-line filters in the frequency range of
100 Hz to 10 GHz. This will apply to electromagnetic interference/radio-frequency interference (EMI/RFI)
filters in general, i.e., dc, single-phase or polyphase systems rated for 600 V and below 1000 A. The method
of measurement will describe general considerations, such as the method of standardizing source impedance
for nonlinear loads, temperature rise, attenuation measurement, components, and or derating requirements
when supplying nonsinusoidal load currents and operating in matched- or mismatched-impedance
environments.

1.2 Purpose

The purpose of this standard is to provide measurements that evaluate the performance of power-line
interference filters in practical installations involving varying load and source impedances. These factors are
not usually considered in design and performance verification testing of EMI/RFI filters. Both
manufacturers and end users should benefit from this standard that defines the ranges and environment,
expected effects, and test methods to verify filter attributes.

1.3 Application of test methods and use of this document

Clause 10 describes filter performance measuring techniques. Although it might be desirable to characterize
each production filter in accordance with all the measurement methods described, it is generally not
economically feasible to do so. Usually, only first-design filters will be analyzed through multiple
performance tests. These tests establish a performance baseline for that filter design. Subsequent production
units of the same design may be tested using matched-impedance techniques to ensure that there is no
significant deviation from the original due to component or assembly changes.
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IEEE
Std 1560-2005 IEEE STANDARD FOR METHODS OF MEASUREMENT OF RADIO-FREQUENCY

Case design and assembly testing may be required on a need basis to ensure control of radiated emissions
from the filter at frequencies above 1 GHz. There are several methods for observing case integrity that do
not employ RF testing to ensure proper case construction. These include the die penetration method.
However, it is recommended that radiated field testing be performed at the installation site with the filter in
its final configuration on a shielded enclosure for best results at frequencies above 1 GHz. Refer to IEEE Std
299™ ! Where it is not possible to perform the test with the filter in its final configuration, then reasonable
screening or enclosures may be used.

Clause 10 is divided into eight test methods (see 10.1-10.8), alphabetically coded in Table B.1. It is
desirable to label all power-line filters in a similar manner in accordance with Annex B. The nameplate data
may be derived from the different tests outlined in Clause 10. Annex F illustrates generic filter curves and
points of interest such as the 3 dB point, 20 dB point, and the ratio calculations of the shape factor, which
may be requested to be printed with the filter curves in the original baseline data.

1.3.1 Use of test methods
1.3.1.1 Quality assurance tests

— Quality assurance—No load (10 kHz to 1 GHz) (see 10.1)
—  Quality assurance—Loaded (10 kHz to 20 MHz) (see 10.2)

The quality assurance (QA) test follows traditional matched-impedance testing methods currently in practice
by most manufacturers. The frequency ranges are selected based on reproducibility, QA control indicators,
and reasonable performance frequencies where the filter might be operating under varying loads.

1.3.1.2 Mismatched-impedance tests
—  RF characteristics mismatched impedance—No load (100 kHz to 30 MHz) (see 10.3)

The mismatched-impedance subclause finds its origins in the tradition of CISPR 17. Using a set of
mismatched source and load impedance, this low-cost performance indicator may be used when current
injection techniques are not practical or cost-effective. For example, the 0.1 ohm and 100 ohm impedances
used in the no-load test setup result in an apparent insertion loss without the filter of approximately 50 dB,
limiting filter dynamic range testing to approximately 60 dB. It may be necessary to use pre- or post-
amplifiers if a larger dynamic range is desired.

Other impedances may be used when the source and load impedances are known. Further details may be
found in CISPR 17 regarding the construction of the impedance networks.

1.3.1.3 RF current injection tests

— Variable source impedance attenuation measurement (100 Hz to 100 kHz) (see 10.4)

— Attenuation measurement (100 kHz to 30 MHz) (see 10.5)

The current injection method has been described in documents such as MIL-STD-461E-1999 [B15]2 for
conducted susceptibility testing. This method is becoming more popular in the user community. The intent
of these tests is to provide meaningful source impedance and realistic load testing. The data from these tests
will more accurately predict the performance of a filter when installed on a typical power conductor. The
following selection of source impedance and load characteristics should be followed:

nformation on references can be found in Clause 2.
2The numbers in brackets correspond to those of the bibliography in Annex A.
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At low frequencies (below 100 kHz), power-line source impedance characteristics are primarily related to
the source’s ability to deliver the current with minimum voltage distortion. Hence, it is important to
characterize the load for these frequencies without the filter in the circuit. The desired parameters to be
reached are a nonlinear load whose current crest factor is approximately 2.2 and a voltage distortion below
2%. This would be qualified as a “stiff” source. Once the load crest factor has been determined, then a
variable or fixed reactor may be introduced to provide a voltage drop of 3% to 9% at the current rating of
load used for the test without the filter in place, thus providing a “soft” source. For further information
regarding nonlinear loading and source information, refer to Annex C.

For frequencies above 100 kHz, the typical power-line characteristic impedance is observed to be
approximately 50 ohms. Line-impedance stabilization network (LISN) or artificial mains network (AMN) is
used to provide this standardized source impedance during testing. The popular 50 uH LISN has been
determined to be best suited for this application and has its origin in such test practices as MIL-STD-461E-
1999 [B15], and CISPR 16-2: 2003 [B4], or IEC 61000-4-3:2002 [B5]. For further details regarding the use
and selection of the 5 uH LISN, refer to Annex E.

1.3.1.4 Aperture leak tests
— Aperture leak test selection (see 10.6)

To determine realistic filter performance above 1 GHz, it is necessary to perform radiated electric field tests
to determine aperture leaks and mounting issues. For typical power-line filters, IEEE Std 299 should be
referenced. Mode stirred chamber setups are not required. Basic radiated emission test setups found in MIL-
STD-461E-1999 [B15] may be employed for the filter aperture testing and are illustrated in the test setup.
Measurements are taken in three dimensions at about 2 m separation of the chosen antenna set. Either
matched bow ties, dipoles, or microwave horns may be used.

1.3.1.5 Voltage drop and waveform quality tests
— Voltage drop and waveform quality test (linear/nonlinear loading) (see 10.7)

Equipment operating within a shielded enclosure often presents a nonlinear load to the ac power supply. The
nonlinearity arises from bridge rectifiers within the equipment charging a filter capacitor at each peak of the
ac voltage. The pulses of current drawn by the equipment, combined with the inductance presented by the
power-line filters, can cause serious distortion (flat-topping) of the ac voltage following the filter. If the
voltage distortion is sufficiently serious, equipment malfunctions can result. Refer to Annex C for further
details.

1.3.1.6 S- and Z-parameter measurement set
—  S-parameter measurement (100 Hz to 30 MHz) (see 10.8)

In today’s electromagnetic compatibility (EMC) environment, it is crucial to gain an understanding of the
effects and parameters of filters, sources, and loads. Annex G provides information on designing filters for
worst-case behavior and understanding the impedance domain for the networks. From Annex G we can see
that a filter is a complex network that can be broken down into H- and S-parameters. Also sources and loads
may be described accordingly. Annex D describes the measurement techniques and use of such parameters
and how to model the data provided to choose a filter best matched for the intended installation. These
methods are best used but not limited to when designing systems for fuel cells, mission-critical loads, and
various distributed generation sources.
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1.3.2 Use of test methods

In some cases, various types of standards have been used for specifications. In the case of applying these test
methods, it should be noted that this standard is not a filter specification but rather a standard method of test
for filter performance. In order to assist in selecting appropriate tests that may be used to ensure that a given
specification may be met, Table 1 is provided as a suggested guidance. However, testing should not be
limited to the selection menu, but should be based on available information and specification. For instance,
if a specification states a method (e.g., MIL-STD-220B), then it would only qualify as a QA test and would
not necessarily meet the intended specification.

2. Normative references

The following referenced documents are indispensable for the application of this standard. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments or corrigenda) applies.

ANSI/IEEE Std C63.2"™, American National Standard for Electromagnetic Noise and Field Strength
Instrumentation, 10 Hz to 40 GHZ—Speciﬁcations.3

ANSI Z540.1, Calibration Laboratories and Measuring and Test Equipment General Requirements.
ANSI 7540.2, U.S. Guide to the Expression of Uncertainty in Measurement.

CISPR 17, Methods of Measurement of the Suppression Characteristics of Passive Radio Interference
Filters and Suppression Cornponents.4

IEEE Std 299™, IEEE Standard Method for Measuring the Effectiveness of Electromagnetic Shielding
Enclosures.> ¢

IEEE Std C95.1™, IEEE Standard for Safety Levels with Respect to Human Exposure to Radio Frequency
Electromagnetic Fields, 3 kHz to 300 GHz.

IEEE/ASTM SI 10™, IEEE/ASTM Standard for Use of the International System of Units (SI): The Modern
Metric System.

ISO/IEC 17025, General Requirements for the Competence of Testing and Calibration Laboratories.’

MIL-STD-220B, Method of Insertion Loss Measurement.®

3 ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor,
New York, NY 10036, USA (http://www.ansi.org/).

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

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

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

7ISO/IEC publications are available from the ISO Central Secretariat, Case Postale 56, 1 rue de Varembé, CH-1211, Genéve 20, Swit-
zerland/Suisse (http://www.iso.ch/). ISO/IEC publications are also available in the United States from Global Engineering Documents,
15 Inverness Way East, Englewood, CO 80112, USA (http://global.ihs.com/). Electronic copies are available in the United States from
the American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA (http://www.ansi.org/).

SMIL publications are available from Customer Service, Defense Printing Service, 700 Robbins Ave., Bldg. 4D, Philadelphia, PA
19111-5094.
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NIST Special Publication 330, The International System of Units (SI), Barry N. Taylor, ed.”

NIST TN 1297, Guidelines for Evaluating and Expressing Uncertainty of NIST Measurement Results, Barry
N. Taylor and Chris E. Kuyatt.

3. Definitions

For the purposes of this standard, the following terms and definitions apply. The Authoritative Dictionary of
IEEFE Standards Terms [B6] or Annex I should be referenced for terms not defined in this clause.

3.1 buffer networks: A multiport network used for inductor saturation tests. They are acceptable as quality
control/quality assurance (QC/QA) tools for production testing. (CISPR 17 and MIL-STD-220B).

3.2 decibel (dB): A unit of measure for the ratio of two amounts of voltage, current, and power. With £ and
E, designating the two amounts of voltage, and n the number of decibels denoting their ratio as follows:

For voltage, the ratio is computed:

n(dB) = 20 log(é})

E,
where
n is the number of decibels
E is the measured load voltage with the filter in the circuit

E,  isthe measured load voltage with the filter out of the circuit

For current, the ratio is computed:

n(dB) = 20 1og(ﬁ)

Iy
where
n is the number of decibels
I is the measured load current with the filter in the circuit
) is the measured load current with the filter out of the circuit

For power, the ratio is computed:

n(dB) = 10 1og(11;)
2

where

n is the number of decibels
P is the measured load power with the filter in the circuit

P,  isthe measured load power with the filter out of the circuit

9 NIST publications are available from WWWw.nist.gov/.
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3.3 displacement power factor: The ratio of the active power of the fundamental wave, in watts, to the
apparent power of the fundamental wave, in volt-amperes. This is the cosine of the phase angle by which the
fundamental current lags the fundamental voltage. This is the power factor as seen in utility metering by
watthour and varhour meters, assuming that the ac voltages are sinusoidal.

3.4 distortion factor (harmonic factor): The ratio of the rms of the harmonic content to the rms value of
the fundamental quantity, expressed as a percent of the fundamental, as shown in the following equation:

1/2

o-[3

k=24
where
A4; is the rms value of the fundamental component
k is a number from 2 to n

A, is the rms values of the kth harmonic components
3.5 error (relative): The ratio of an error to the correct value.

3.6 insertion loss: The ratio of voltages, current, or power, at a given frequency, appearing across the line
immediately beyond the point of insertion, before and after insertion of the filter under test. (CISPR 17)

3.7 isolation attenuators: An isolation attenuator should be a resistive T network having a 50-ohm input
impedance and a 50-ohm output impedance. The attenuator shall have a minimum insertion loss of 6 dB to
10 dB measured in a 50-ohm system. Looking into either end of each attenuator with the other end
terminated into 50 ohms, the voltage standing-wave ratio (VSWR) shall be a maximum of 1.25 to 1 from dc
to 10 GHz. The power rating of the attenuator should be such that when the system is subjected to the
maximum signal power, it does not degrade from heating. These attenuators are for the purpose of obtaining
a standard 50-ohm termination for all attenuation measurements. (MIL-STD-220B).

3.8 linear load: A load that draws a sinusoidal current wave when supplied by a sinusoidal voltage source.

NOTE—A typical current waveform for a linear load is shown in the following ﬁgure.10

Example of current drawn by linear load

3.9 metric units: A system of basic measures that are defined by the International System of Units based on
“Le System International d’Unités (SI),” of the National Institute of Standards and Technology. (NIST
Special Publication 330).

3.10 nonlinear load: A load that draws a nonsinusoidal current even when supplied by a sinusoidal voltage
source. An electrical device that in steady-state operation has impedance that varies during the cycle of the
input voltage waveform.

NOTE 1—See IEEE Std 1250""-1995 [B7].

1Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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NOTE 2—A typical current waveform for a nonlinear load is shown in the following figure.

Example of current drawn by nonlinear load

3.11 rating: The designation of an operating limit for a device.

NOTE—Such operating characteristics as current, voltage, frequency, etc., may be given in the rating.

3.12 total harmonic distortion (THD): See: distortion factor.
3.13 true power factor: See.: displacement power factor.

3.14 true rms: Refers to the use of a meter that displays an rms value calculated from the average of
instantaneous readings rather than an rms value that is calculated from an average reading. The difference is
that the instantaneous method allows the meter to display the correct rms value for waveforms that are not
sinusoidal shaped while the other does not. The square root of the mean value of the square of the voltage
values during a complete cycle.

3.15 zero-crossing: A waveform that is graphed on a rectangular-coordinate system is said to have a zero-
crossing when it passes through a horizontal line drawn through the origin (x-axis). A sinusoidal-shaped,
60 Hz waveform has two zero-crossings per period, one per slope.

NOTE—See the following figures.

Positive-Going Slope

Negative-Going Slope

Sinusoidal-shaped waveform showing location of zero-crossings
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Three crossings
on the positive-
going slope

One crossing
on the negative-

DN

Sinusoidal-shaped waveform showing details of zero-crossings

4. Safety

Many of the tests described in this standard are inherently hazardous. The safeguards for personnel and
property described in this clause are essential. All testing shall be conducted by technically qualified
personnel who are knowledgeable about the test and measurement equipment, and filters under test, and
aware of the hazards of such testing.

4.1 Stored capacitor energy

Capacitors in a test circuit or a device under test might retain stored energy in the form of electric charge. If
a filter is required to have bleeder resistors as part of its design, those resistors shall be installed and
functional when testing the filter in accordance with this document. Suitable bleeders or short-circuiting
devices should be used to ensure operator safety against any such trapped charge after a filter is de-
energized.

4.2 RF hazards

Some tests in this standard will result in electromagnetic fields that are potentially dangerous to personnel.
The permissible exposure levels of IEEE Std C95.1 shall not be exceeded in areas where personnel are
present. Safety procedures and devices shall be used to prevent accidental exposure of personnel to RF
hazards. During these tests, precautions must be implemented to avoid inadvertent exposure of personnel to
fields.

4.3 Voltages and currents

The voltage and current levels generally associated with testing radio interference filter, especially the
power-line type filters, may be lethal and are well above those considered safe. Precautions should be taken
when connecting or disconnecting equipment, filters, and power sources to avoid the potential for electric
shock.
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5. Measurement instrumentation

5.1 General

The use of proper measurement instrumentation is critical to obtaining accurate and reproducible test results.
Various measuring accessories may be needed during a test depending upon the particular measurements to
be performed. RF sweep methods are preferred, and point-to-point measurement methods are discouraged.

5.2 Calibration of measuring equipment

A calibration system in accordance with ANSI Z540.1 or other equivalent organizations shall be used and
maintained. The calibration of the instrumentation shall be verified frequently to ensure its accuracy.
Adjustments may be made and correction factors applied where applicable as long as they are documented.

In addition to the measuring instrumentation, cables, LISNs, voltage and current probes, test facility, etc.,
are to be checked and verified as necessary on a regular basis to ensure accuracy of the test results and
checked frequently for deterioration. Shielded cables used for testing must exhibit a shielding effectiveness
that is at least 10 dB greater than the expected filter performance over the frequency range of interest. This
will help to ensure that measurements less than 100 dB may be performed accurately (e.g., double-shielded
cables providing 99% shielding coverage such as a RG-223/U cable equivalent or better).

5.3 Measurement tolerances

During electrical measurement processes, tolerances will vary with the device under test and what parameter
is being measured. Unless otherwise stated for a particular measurement, the tolerance of the following
parameters (items a through d) shall be as follows:

a) Frequency: £2%
NOTE—Accuracies of £0.1% may be obtained if desired based on bandwidth resolution and sweep rate.

b)  Amplitude (at a measurement receiver): +2 dB

¢) Amplitude (of a measurement system that includes measurement receivers, transducers, cables,
etc.): £3 dB

d) Time (waveforms): £5%

6. Measurement uncertainty

6.1 General

Measurement uncertainty can be caused by many factors. The total uncertainty may have several
contributors, including (but not limited to) the test equipment used and its calibration accuracy, signal loss
of test interconnection cables (which varies on a per-unit length basis by frequency), type and number of
connectors in the signal path, and the quality of the interface connection between the filter under test and the
measurement setup. Cable resonances may also cause uncertainty.

6.2 Calculation of measurement uncertainty

Annex H discusses how uncertainty may be estimated using an example for the test method described in
10.1. Standard uncertainty, combined standard uncertainty, and expanded uncertainty are discussed.

Copyright © 2006 IEEE. All rights reserved. Docum%nt Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:08:30 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1560-2005


http://www.avadocuments.com/doc/ieee-1560-2005
http://www.avadocuments.com/doc/ieee-1560-2005

IEEE
Std 1560-2005 IEEE STANDARD FOR METHODS OF MEASUREMENT OF RADIO-FREQUENCY

7. Test equipment and minimum specifications

Test equipment and minimum specifications for performing tests are discussed in this clause. Measurement
equipment shall be as specified in the individual test procedures of this standard. EMI measuring
instrumentation characteristics may be found in ANSI/IEEE C63.2.

7.1 AC power source

An ac power source is required to supply power to linear and nonlinear loads, whose characteristics shall be
a voltage equal to or less than the filter voltage rating. The power source shall be tested and supporting
documentation attached to verify that the true-rms voltage of the power source does not change by more than
5% as the load (linear and nonlinear) is varied from 0% to 100%. The waveform of the power source voltage
shall not have more than two zero-crossings per period as the load is varied from 0% to 100%. The use of
50 Hz or 60 Hz is satisfactory for filters rated at 50/60 Hz. For filters rated at other ac line frequencies, the ac
power source shall provide power to the filter on at least one of the rated working frequencies.

7.2 Alternating current source

An alternating current source is required to supply an ac current whose characteristics shall be equal to 1.4
times the filter full rms current rating or equal to the full dc current rating if the filter is dc-rated only. The
current source shall be tested and supporting documentation attached to verify that the regulation of the
alternating current source is less than 2% for 1.4 times the full-rated load current. The alternating current
source shall be floating and not connected to ground.

7.3 DC power source

A dc power source is required to supply power to linear and nonlinear loads, whose characteristics shall be a
voltage equal to the filter dc voltage rating. The power source shall be tested and supporting documentation
attached to verify that the dc power source voltage ripple factor is less than 2% for 1.4 times the full-rated
load current. The dc power source shall be floating and not connected to ground.

7.4 Direct current source

A direct current source is required to supply a dc current whose characteristics shall be equal to 1.4 times the
filter full rms current rating or equal to the full dc current rating for dc rated filter only. The power source
shall be tested and supporting documentation attached to verify that the direct current source regulation is
less than 2% for 1.4 times the full-rated load current. The direct current source shall be floating and not
connected to ground.

7.5 Ammeter

An ammeter is required to measure and display the amount of current through the load. It must have the
ability to measure true-rms current at three times the filter’s rated current.

7.6 Buffer networks

Buffer networks are used for inductor saturation tests. The use of buffer networks is discouraged for design
testing and verification of the inductor performance below frequencies of 100 kHz, where RF current
injection techniques are preferred for filter evaluation. Buffer networks are acceptable as QC/QA tools for
production testing and may come in many variations to accommodate the specified frequency band. Figure 1
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illustrates a generic example of a buffer network, which should extend to 10 kHz for QC/QA purposes to
better evaluate inductor saturation.

7.7 Differential voltage probes

Differential voltage probes are required to safely measure the line voltage and must be able to withstand the
filter’s rated voltages.

7.8 Dynamic range

The dynamic range is the amplitude difference between the maximum input level allowing linear operation
of an instrument (or a test system) and the minimum signal that can be discerned by the instrument (or the
test system). The range can be demonstrated by comparing the reference level to the measuring equipment
noise floor. The reference level shall be observed to be a minimum 6 dB above the noise floor.

RF Port o |

T

o QOutput Port

Input Port o__m\_

T

Figure 1—Generic example of a buffer network

7.9 Ground plane

The filter shall be installed on a ground plane that simulates the actual installation. If the actual installation is
unknown or multiple installations are expected, then a metallic ground plane shall be used. When a ground
plane is not present in the filter installation, the filter shall be placed on a nonconductive surface.

7.10 Impedance-transforming networks

Impedance-transforming networks are typically comprised of a set of wideband transformers whose turns
ratio is 1.41:1 and 22:1. These networks are used to establish 50 ohms/0.1 ohms and 50 ohms/100 ohms
impedance transfers. Refer to Schlicke [B17] and CISPR 17 for design guidance.

7.11 Line-impedance stabilization network

A LISN is a standard load impedance used to ensure repeatability and comparability of EMI measurements.
It is an interface inserted at the measurement point between the EMI source and the power source (i.c.,
mains). It is sometimes referred to as an artificial mains network and may be used as a buffer network for ac/
dc voltage sources and QA testing as a semi-realistic matched source impedance. Figure 2 illustrates the
schematic for a typical 50 uH LISN.
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50uH

Input Port o——I—mv———-——-—o Output Port

8uF —— 0.25,F
0
50 % 1%Q

Figure 2—Specified typical LISN for realistic impedance testing from 100 kHz to 30 MHz

7.12 Linear load

Examples of linear loads are tungsten heaters, wire-wound ceramic resistors, or equivalent. They are to be
used to draw sinusoidal-shaped current through the filter under test. The linear load shall be sized to draw
the load current called for and shall exhibit a power factor between 0.95 lagging and 0.95 leading.

7.13 Nonlinear load

An example of a nonlinear load is a full-wave bridge-rectifier type, followed by a capacitor, as illustrated in
Figure 3. This load shall be used to draw a nonlinear current through the filter under test. The capacitor and
resistor shall be sized to draw current with a crest factor of 2.2 = 0.2 (refer to Annex C) at the full-load rms
rating of the filter when connected to the standard source (filter not connected). The crest factor is defined as
the peak amplitude of the current divided by the rms value of the current, as show in Equation (1):

cf = ﬁ (1
1

rms

Non-Linear Load

S +

Figure 3—Simplified schematic of a nonlinear load

7.14 Oscilloscope

An oscilloscope is required to measure, display, and plot the recorded voltage waveforms. The oscilloscope
should be dual channel with reading capability and include a minimum 1 MHz bandwidth.
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7.15 Power amplifier

A power amplifier is a device used to amplify a signal to a level representative of a power signal. Several
amplifiers may be required to amplify a signal from the signal generator. The amplifier must be able to
amplify the signal to a level large enough to be injected on one side of the filter and measured on the other.

7.16 Power analyzer

A power analyzer is required to measure true-rms voltage, crest factor (peak voltage), and total harmonic
distortion (THD). The analyzer must be able to measure up to the 13th harmonic.

7.17 Attenuators, 100 dB

An attenuation pad is used to provide the desired attenuation reference line, with respect to the filter, on the
spectrum. As a minimum, the attenuator should have the following characteristics: a 1 W minimum power
rating and calibrated to 100 dB over the specified frequency range. Attenuators may be fixed (i.e., an
attenuation pad) or selectable (i.e., programmable attenuators).

7.18 RF matching network

An RF matching network may be required to improve the power transfer between the RF amplifier and RF
current injection probe.

7.19 RF bulk current injection probe

An RF bulk current injection probe (BCIP) is used to inject large amounts of RF current onto the power
conductor. Operating characteristics shall be as a minimum over the specified frequency range and a power-
handling capability of 100 W (minimum).

7.20 RF current transformers

An RF current transformer (CT) is a high-frequency current probe that fits around a power conductor and is
used to measure RF currents. As a minimum operating characteristic, the CT shall have a measurement
range to accommodate the specified frequency range and a current rating of three times the filter rating.

7.21 RF injector

An RF current injector can be defined as any device such as a current injection probe, capacitive injector,
and/or an RF switching current source.

7.22 Shielded enclosure

A shielded enclosure is required to shield the measurement side of the test setup from external radiated and
conducted noise. An enclosure should be tested and approved per IEEE Std 299 to 10 dB below the lowest
desired attenuation measurement and the specified frequency range, and at least 6 dB above the displayed
noise floor.
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7.23 Spectrum analyzer or network analyzer

A spectrum analyzer or network analyzer is recommended to measure and display the effective attenuation
of a filter. The measuring instrument should be operational over at least the required frequency test range of
the filter and have a dynamic range at least 6 dB greater than the expected insertion loss. Depending upon
the test, two or more analyzers may be required.

7.24 S-parameter test set

S-parameters are called scattering parameters. They are a set of parameters describing the transmission,
scattering, and reflection of traveling waves when a network is inserted into a transmission line. S-
parameters are normally used to characterize N-port networks at higher frequencies, where simple models
valid at high frequencies cannot be applied. S-parameters are normally measured as a function of frequency,
so when looking at the formulae for S-parameters, it is important to note that frequency is implied and that
the complex gain (i.e., magnitude and phase) is also assumed. For this reason, S-parameters are often called
complex scattering parameters. They can be measured directly with network analyzer systems, which
include S-parameter test sets. For information on S-parameter measurement test sets, refer to Annex D and
Kraemer [B10].

7.25 Tracking generator

In conjunction with a spectrum analyzer, a tracking generator produces a signal whose frequency precisely
tracks the tuning frequency of the spectrum analyzer. The tracking generator should have the following
minimum specifications: a minimum tuning range from 9 kHz to 1 GHz and a 0 dBm source output level.

8. Test facilities

8.1 Standard testing conditions

Any comparison of the test results between two or more individual filters, or between results obtained in
different laboratories, will be valid only if the tests have been performed under identical test conditions. If
the tests are conducted primarily for exploratory purposes, consistency in environmental test conditions is
not as important. The following test conditions are typical of accepted laboratory environments for
conducted disturbances:

a) Temperature: 25 + 5°C

b) Relative humidity: less than 85%

¢) Sinusoidal test voltage: sinusoidal waveform, less than 5% THD
d) Voltage: 120 V (rms), unless otherwise required, tolerance: £1%

e) Frequency: 60/50 Hz, unless otherwise required, tolerance: +2 Hz (This tolerance allows for the use
of generators.)

8.2 General operating conditions

All test areas shall be clean and free from clutter. The test setup shall be arranged in such a way that
activities can be viewed and equipment connections clearly traceable by a visual inspection.
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8.3 Grounding

The signal grounding connections must be made at each end of a filter and not through a common point on a
conductor extending from a filter. As with many filters, the attenuation characteristics require that
reproducible high-attenuation measurements be made on the surface of the filter enclosure. Grounding of the
test equipment and the filter to a ground reference plane is very important for the accuracy of measurements
of the low- and high-end frequency bands to eliminate spurious background noise and to ensure proper RF
return paths. When external terminals, connector pins, or equipment grounding conductors are available for
safety ground connections and are used in the actual installation, they shall be connected to the ground
plane. Refer to MIL-STD-461E-1999 [B15], subclause 4.3.8.6.1, for arrangement and length.

8.4 Regulatory agency restrictions

Some of the tests require high-level signals to be generated that could interfere with normal frequency
assignments granted by the local regulatory agencies such as the Federal Communications Commission
(FCC) and other agencies. All such testing should be conducted within a shielded enclosure.

8.5 Screened equipment and shielding requirements

It is recommended that the test be performed in a screen room. The filter and test equipment should be
secured and tested on a ground reference plane as a minimum requirement. If it is found that the ambient
background noise is high, then it may become necessary to construct a Faraday cage for the filter under test
and the measuring equipment, whichever is easier. For example, if it is found that the signal generator
generates excessive interference, the offending equipment should be screened within a Faraday-shielded
enclosure or Faraday cage. If noise still continues to be a problem, then the filter and measuring equipment
should be placed inside a screen room. If the problem continues, place the filter and measuring equipment on
the inside of the screen room and the generator source on the outside.

8.6 RF test fixture and mounting requirements

The main purpose of the RF test fixture is to ensure that the RF connector is maintained in a stable and RF
tight-sealed position throughout the test. Depending on the design of the filter, custom connectors and
fixtures may be constructed and used. The filter and test equipment should be secured and tested on a ground
reference plane. If the filter’s intended installation does not support a ground plane, the filter shall be tested
on an insulated surface.

8.7 Source impedance

Impedance (Z) is the resistance of a circuit to alternating current. Technically, impedance is the total
opposition (including resistance and reactance) that a circuit has to passing alternating current. A high-
impedance circuit tends to have low current. A low-impedance circuit tends to relatively have high current.
The impedance of a voltage or current source is the impedance as seen from its terminals or from the load
terminals of a branch circuit. If the source impedance equals the load impedance, this is called matching
impedances. It results in maximum power transfer from the source to the load. The source shall be capable
of delivering inrush current of at least eight times the rated current.

8.8 Test equipment noise floor level

During testing, the noise floor level should be measured with the filter removed, and the test fixture should
be in the bypass mode. All auxiliary equipment should be turned on. The noise floor shall be at least 6 dB
below the allowable specified limits for the filter under test. When measurements are made outside a
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shielded enclosure, the tests shall be performed during times and conditions when the noise floor is at its
lowest level. The noise floor level at the time of this measurement shall be recorded.

It is recommended that the isolation transformer meeting the requirements of the listed power source
description in Clause 7 of this standard be used for powered testing. The use of isolation transformers may
be necessary to reduce line noise and to ensure that accurate measurements are performed when using RF
current injection techniques, particularly in the frequency band of 100 Hz to 100 kHz. The isolation
transformer shall be sized to provide at least eight times the inrush current of the highest current rating.

8.9 Attenuators, phase splitters, power splitters, and network matching pads

Attenuators that provide isolation are typically specified as having a 50-ohm impedance and a 10 dB loss.
The 50-ohm input requirements should be maintained to match the 50-ohm outputs of signal generators and
standard instrument that measure RF signals. Fifty-ohm matching pads and the 10 dB requirement should be
used for non 50-ohm impedance test equipment to ensure that the voltage levels are maintained and a
balanced measuring bridge is established. For other test methods and/or requirements, the input and output
of the measuring bridge should match the equipment impedance to prevent overloading of the generator and
provide correct signal measurements. The 10 dB requirement may be lifted and other values may be used if
reasonable accuracy is maintained within the test setup.

Phase and power splitters and other specialized RF components may be required for network analyzers and
custom test fixtures. Refer to CISPR 17 regarding the specification and construction of the mismatched-
impedance networks. These networks may be of the resistive type, high-frequency toroid transformer type,
or a combination network type, which will yield the desired impedance and pass-band ratio. For balanced
systems, a transforming network may be used. An example of this would be a matching transformer with the
desired impedance and relatively flat pass band, such as 600 ohms. These devices must meet the power and
frequency requirements, and their losses must be recorded and compensated for in the reported data.

8.10 Lead dress

In all test fixtures, input and output leads should always be separated. All coaxial cables and power leads
shall be spaced at least 5 cm above the ground plane when it is practical. All cables should be doubly
shielded and as short as practical. Cables used to connect a tracking signal generator to the input of a filter
and the output of a filter to a spectrum analyzer should be of equal lengths. In addition, cables used in the
calibration process when using attenuation pads should be of equal lengths.

9. Divisions of frequency ranges and recommended sensitivity

The frequency range of 100 Hz to 10 GHz shall be divided up into multiple bands to ensure that no poles or
zeroes are missed in the filter-measurement process due to the resolution of the measurement. The frequency
bands selected may depend on equipment specification/ability and/or specified from predetermined
requirements. Calibration of each band and bandwidth used during testing must be verified and documented.
If the measurement range is broken into several bands, then a minimum frequency overlap of 2% is
recommended. The recommended minimum sensitivity is 6 dB below the lowest specified and demonstrated
attenuation requirement. A minimum number of 400 points per scan is allowed for each bandwidth only if
accuracy is demonstrated and if the resolution determined is sufficient for the specified requirements. If
frequency stepping is used, the minimum number of steps shall be as specified in the test method.

The sweep rate, start frequencies, and stop frequencies will be such that the equipment will be able to
perform with accuracy and have the dynamic range of the specification. The resolution bandwidth should be
set to the lowest possible setting, and the sweep time extended to the maximum setting for accuracy.
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Using swept frequency methods is encouraged. The equipment used to perform a sweep should have
tracking ability to ensure that the bandwidth and amplitude scaling is maintained and artificial attenuation is
not introduced by the instrument as a result of a non-tracking bandwidth. The recommended equipment to
perform this test is a spectrum analyzer and tracking generator whose bandwidth is set adequately for the test
frequency range specified. Use of network analyzers or similar equipment is acceptable, including calibrated
receivers.

10. Required measurement methods

On occurrences, standards have been used for specifications. It should be noted that this standard is not a
specification but rather a standard method of test. In order to assist in selecting appropriate tests that may be
used to ensure that a given specification may be met, Table 1 is provided as a suggested guidance, but
testing should not be limited to the selection menu but should be based on available information and
specification. For instance, if a specification states a method (e.g., MIL-STD-220B), then the test would
only qualify as a QA test and would not necessarily meet the intended specification.

Table 1—Test applicability matrix

Test subclause
Purpose of test
10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8
First article X X X X X X
QA X X
Matched-impedance and balanced X X
networks
Generic filter comparison X X
Low-frequency performance (below X X X
100 kHz)
High-frequency performance (above X X X X
100 kHz)
Simulation and design X X X

The following test methods are required for testing the suppression capability of RFTI filters in the frequency
range from 100 Hz to 10 GHz. Some of the methods are based on 50-ohm matched-impedance tests found in
many different standards and requirements. Revising these methods increases the efficiency for QA and
estimated performance evaluations for both common- and differential-mode filter circuits with the addition
of incorporating waveform quality into filter performance. The following descriptions explain test setups,
rationale, applicability, and basic procedures. The RF test methods are broken into the following categories:

a)  Quality assurance—No load (10 kHz to 1 GHz) (see 10.1)

b)  Quality assurance—Loaded (10 kHz to 20 MHz) (see 10.2)

¢) RF characteristics mismatched impedance—No load (100 kHz to 30 MHz) (see 10.3)
d) Variable source impedance attenuation measurement (100 Hz to 100 kHz) (see 10.4)
e) Attenuation measurement (100 kHz to 30 MHz) (see 10.5)

f)  Aperture leak test by electric fields (1 GHz to 10 GHz) (see 10.6)

g) Voltage drop and waveform quality test (linear/nonlinear loading) (see 10.7)
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h)  S-parameter measurement (100 Hz to 30 MHz) (see 10.8)

10.1 Quality assurance testing—No load (10 kHz to 1 GHz)
10.1.1 Purpose

The no-load 50-ohm matched-impedance method will be used for QA filter testing to verify the insertion
loss characteristics from 10 kHz to 1 GHz under 50-ohm impedance conditions. The purpose of this test is to
determine component malfunctions or assembly error. This is extendable in frequency range, if so desired.
This test uses typical 50-ohm impedance methods for common-mode measurements with the exception of
the differential mode where unbalanced-to-balanced networks may be used. For differential-mode
measurements, Figure 4 illustrates the typical approach.

10.1.2 Rationale

To ensure that the workmanship and the specific components of a production filter will meet the same
specifications from the first article design, a QA test is needed. This test may be used as a production test
once the first article sample has met its performance requirements. Samples received from the field may
have this test performed and the results compared against factory data to determine the integrity of the filter.

10.1.3 Materials/equipment

The recommended equipment to perform this test is a spectrum analyzer and a tracking generator set whose
frequency coverage extends from 10 kHz to | GHz. The use of network analyzers or similar equipment is
acceptable including calibrated receivers. An RF test fixture constructed for the filter under test is also
needed. Materials/equipment include the following:

a)  Spectrum analyzer (operating in the specified frequency band)
b) Tracking generator (operating in the specified frequency band)
¢) Variable attenuator up to 100 dB

d) Two 10 dB pads

e) Two each unbalanced-to-balanced networks (either resistor or transformer or hybrid configuration
may be used)

10.1.4 Test setup/circuits

Figure 4 shows the typical test setup for a common-mode filter to measure common-mode insertion loss.
The test setup is generic in nature, but caution and care are required to ensure that there are no undesired
ground return paths or RF leakage in the RF test fixture during the test.

Figure 5 shows the typical test setup for a common/differential (mixed mode) mode two-line filter to
measure common-mode insertion loss. The test setup is generic in nature, but caution and care are required
to ensure that there are no unnecessary ground return paths or RF leakage in the RF test fixture during the
test.

Figure 6 shows the typical test setup for a common/differential (mixed mode) mode two-line filter to mea-
sure differential-mode insertion loss. The test setup is generic in nature, but caution and care are required to
ensure that there are no unnecessary ground return paths or RF leakage in the RF test fixture during the test.
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