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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-20: Testing and measurement techniques —
Emission and immunity testing in transverse
electromagnetic (TEM) waveguides

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61000-4-20 has been prepared by subcommittee 77B: High
frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility, in
cooperation with CISPR (International Special Committee on Radio Interference)
subcommittee A: Radio-interference measurements and statistical methods.

It forms Part 4-20 of IEC 61000. It has the status of a basic EMC publication in accordance with
IEC Guide 107.

This third edition cancels and replaces the second edition published in 2010. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) provide information on the testing of large EUTs (including cables);
Documents

Document Sharing Hub

Full document details: IEC 61000-4-20-2022


http://avadocuments2026.com/doc/iec-61000-4-20-2022
http://avadocuments2026.com/doc/iec-61000-4-20-2022

-8 - IEC 61000-4-20:2022 © |IEC 2022

b) apply the work on measurement uncertainties by adapting the work completed in CISPR and
TC 77 (for emissions and immunity);

c) update the validation procedure for the test volume regarding field uniformity and TEM mode
verification;

d) provide information concerning two-port and four-port TEM waveguides;

e) add a new informative annex (Annex|) dealing with transient TEM waveguide
characterization; and

f) add information dealing with dielectric test stands for EUTs.

The text of this International Standard is based on the following documents:

Draft Report on voting

77B/853/FDIS 77B/855/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts of the IEC 61000 series, published under the general title Electromagnetic
compatibility (EMC), can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION
IEC 61000 is published in separate parts according to the following structure:

Part 1: General

General considerations (introduction, fundamental principles)
Definitions, terminology

Part 2: Environment

Description of the environment
Classification of the environment

Compatibility levels
Part 3: Limits

Emission limits

Immunity limits (in so far as they do not fall under the responsibility of the product
committees)

Part 4: Testing and measurement techniques

Measurement techniques

Testing techniques
Part 5: Installation and mitigation guidelines

Installation guidelines

Mitigation methods and devices

Part 6: Generic standards
Part 9: Miscellaneous

Each part is further subdivided into several parts, published either as International Standards,
Technical Specifications or Technical Reports, some of which have already been published as
sections. Others are and will be published with the part number followed by a dash and a second
number identifying the subdivision (example: IEC 61000-6-1).

This part is an International Standard which gives emission, immunity and HEMP and IEMI
transient testing requirements.
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-20: Testing and measurement techniques —
Emission and immunity testing in transverse
electromagnetic (TEM) waveguides

1 Scope

This part of IEC 61000 focuses on emission and immunity test methods for electrical and
electronic equipment using various types of transverse electromagnetic (TEM) waveguides.
These types include open structures (for example striplines and electromagnetic pulse
simulators) and closed structures (for example TEM cells). These structures can be further
classified as one-port, two-port, or multi-port TEM waveguides. The frequency range depends
on the specific testing requirements and the specific TEM waveguide type.

The object of this document is to describe

— TEM waveguide characteristics, including typical frequency ranges and equipment-under-
test (EUT) size limitations;

— TEM waveguide validation methods for electromagnetic compatibility (EMC) tests;
— the EUT (i.e. EUT cabinet and cabling) definition;

— test set-ups, procedures, and requirements for radiated emission measurements in TEM
waveguides; and

— test set-ups, procedures, and requirements for radiated immunity testing in TEM
waveguides.

NOTE Test methods are defined in this document to measure the effects of electromagnetic radiation on equipment
and the electromagnetic emissions from the equipment concerned. The simulation and measurement of
electromagnetic radiation is not adequately exact for the quantitative determination of effects for all end-use
installations. The test methods defined are structured for a primary objective of establishing adequate reproducibility
of results at various test facilities for qualitative analysis of effects.

This document does not intend to specify the tests to be applied to any particular apparatus or
system(s). The main intention of this document is to provide a general basic reference for all
interested product committees of the IEC. For radiated emission measurements, product
committees select emission limits and measurement methods in consultation with CISPR
standards. For radiated immunity testing, product committees remain responsible for the
appropriate choice of immunity tests and immunity test limits to be applied to equipment within
their scope. This document describes test methods that are separate from those of
IEC 61000-4-3 [34].1

T Numbers in square brackets refer to the Bibliography.

These other distinct test methods may be used when so specified by product committees, in consultati ith.Cl
and TC 77. DtliRients
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60050-161, International Electrotechnical Vocabulary (IEV) — Part 161: Electromagnetic
compatibility

CISPR 16-1-1, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 1-1: Radio disturbance and immunity measuring apparatus — Measuring
apparatus

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

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-161and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.11

anechoic material

material that exhibits the property of absorbing, or otherwise reducing, the level of
electromagnetic energy reflected from that material

3.1.2

broadband transmission-line termination

termination which combines a low-frequency discrete-component load, to match the
characteristic impedance of the TEM waveguides (typically 50 Q), and a volume of high-
frequency anechoic material

3.1.3

characteristic impedance

for any constant phase wave-front, magnitude of the ratio of the voltage between the inner
conductor and the outer conductor to the current on either conductor and which is independent
of the voltage/current magnitudes and depends only on the cross-sectional geometry of the
transmission line

Note 1 to entry: TEM waveguides are typically designed to have a characteristic impedance of 50 Q. TEM
waveguides with a characteristic impedance of 100 Q are often used for transient testing.

3.1.4

correlation algorithm

mathematical routine for converting TEM waveguide voltage measurements to open-area test
sites (OATS), semi-anechoic chamber (SAC), or free space field strength levels
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3.1.5

EUT type

grouping of products with sufficient similarity in electromagnetic characteristics to allow testing
with the same test installation and the same test protocol

3.1.6

exit cable

cable that connects the EUT to equipment external to the TEM waveguide or cable exiting the
usable test volume

Note 1 to entry: The usable test volume is specified in 5.2.1.

3.1.7
forward power

Phwd
power that is applied to the port of the waveguide

3.1.8
forward power for immunity testing

Prest
forward power required to establish the test field strength E;q; during immunity testing

Note 1 to entry: See Equation (16) and Equation (17) for the constant forward power (5.2.2.4.1) and constant field
strength (5.2.2.4.2) methods, respectively.

3.1.9
four-port TEM waveguide
TEM waveguide with two input/output ports at each end

3.1.10

hyper-rotated TEM waveguide

TEM waveguide that has been reoriented such that its ortho-axis is normal to the surface of the
Earth

Note 1 to entry: Additional details are given in [6].

3.1.11

inner conductor

septum

inner conductor of a coaxial transmission-line system, often flat in the case of a rectangular
cross-section, and which can be positioned symmetrically or asymmetrically with respect to the
outer conductor

3.1.12

interconnecting cable

cable that connects subcomponents of the EUT within the test volume but does not exit the test
volume

3.1.13

manipulator

any type of manual or automatic non-metallic test set-up support similar to a turntable, and
capable of supporting an affixed EUT throughout numerous positions as required by a
correlation algorithm or test protocol

Note 1 to entry: An example of a manipulator design is shown in Figure A.2 in Clause A.7.
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3.1.14
one-port TEM waveguide
TEM waveguide with a single input/output port

Note 1 to entry: Such TEM waveguides typically feature a broadband transmission-line termination at the non-port
end.

3.1.15
ortho-angle
angle that the diagonal of a cube makes to each side face at the trihedral corners of the cube

Note 1 to entry: Assuming that the cube is aligned with the TEM waveguide cartesian coordinate system, the
azimuth and elevation angles of the projection of the cube diagonal are 45°, and the angles to the face edges are
54,7°.

Note 2 to entry: Figure A.2 a) in Clause A.7 shows a diagram of the ortho-angle.

Note 3 to entry: When associated with the EUT, this angle is usually referred to as the ortho-axis.

3.1.16
outer conductor
outer conductor of a coaxial transmission line system, often having a rectangular cross-section

3.1.17

primary field component

primary component

electric field component aligned with the intended test polarization

Note 1 to entry: In conventional two-port TEM cells, the septum is parallel to the horizontal floor, and the primary
mode electric field vector is vertical at the transverse centre of the TEM cell.

3.1.18

resultant field

amplitude

root-sum-squared values in V/m of the primary and the two secondary electric field components

3.1.19

secondary field component

secondary component

in a cartesian coordinate system, either of the two electric field components orthogonal to the
primary field component and orthogonal to each other

3.1.20

stripline

terminated transmission line consisting of two or more parallel plates between which a wave is
propagated in the transverse electromagnetic mode to produce a specific field for testing
purposes

Note 1 to entry: Striplines usually have open sides for EUT access and monitoring.

3.1.21

TEM cell

closed TEM waveguide, often a rectangular coaxial transmission line, in which a wave is
propagated in the transverse electromagnetic mode to produce a specific field for testing
purposes and with an outer conductor completely enclosing an inner conductor

3.1.22

TEM waveguide

open or closed transmission line system, in which a wave is propagated in the transverse
electromagnetic mode to produce a specific field for testing purposes
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3.1.23
test field strength

Etest
field strength of the primary field component in V/m that is used for immunity testing

Note 1 to entry: Different levels of £, are given in Annex B.

3.1.24

test set-up support

non-reflecting, non-conducting, low-permittivity support and positioning reference that allows
for precise rotations of the EUT as required by a correlation algorithm or test protocol

Note 1 to entry: A typical material is foamed polystyrene. Wooden supports are not recommended (see [4]).

3.1.25

transverse electromagnetic mode

TEM mode

waveguide mode in which the components of the electric and magnetic fields in the propagation
direction are much less than the primary field components across any transverse cross-section

3.1.26
two-port TEM waveguide
TEM waveguide with an input/output port at each end

3.1.27
verification field strength

Everification
field strength used for verification of the uniform area

Note 1 to entry: This field strength should be the field strength at which the field probe has been calibrated, to
reduce uncertainties due to the nonlinearity of the field probe.

3.2 Abbreviated terms

BALUN balanced-to-unbalanced

DFT discrete Fourier transform

E-field electric field strength

EUT equipment under test

FAR fully anechoic room

FFT fast Fourier transform

FS free space

FSOATS free space open-area test site

GTEM gigahertz transverse electromagnetic
HEMP high-altitude electromagnetic pulse

HS half space

IEMI intentional electromagnetic interference
OATS open-area test site

Pcc Pearson correlation coefficient

PDF probability density function

RC reverberation chamber

RF radio frequency

SAC semi-anechoic chamber

S/N signal-to-noise Documents
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SPD surge protective device

TDR time-domain reflectometer

TE transverse electric (mode), (H-mode)
TEM transverse electromagnetic

TL transmission line

™ transverse magnetic (mode), (E-mode)
UFA uniform field area

VSWR voltage standing wave ratio

4 General

This document describes the basic characteristics and limitations of TEM waveguides, namely
test volume, field uniformity, purity of the TEM mode, and frequency ranges. Various general
properties of TEM waveguides are described in Annex D.

Radiated emission measurements in a TEM waveguide are usually correlated with the open-
area test site (OATS) and semi-anechoic chamber (SAC) methods, which provide valid and
repeatable measurement results of disturbance field strength from equipment. In this case so-
called correlation algorithms are used to convert TEM waveguide measurement results to
OATS-equivalent data, as described in Annex A.

TEM waveguides can also be used as field generators for testing the immunity of equipment to
electromagnetic fields. Details are given in Annex B and Annex C. Immunity testing in TEM
waveguides is cited in several other documents listed in the Bibliography. Field generation
properties can also be used for measuring field strength; see other publications listed in the
Bibliography.

Additional information for TEM waveguide characterization, electric field strength (E-field) probe
calibration, measurement uncertainty, and the time domain characterization of TEM waveguides
is given in Annex D, Annex E, Annex F, Annex G, Annex H, and Annex | respectively.

TEM waveguide tests are not restricted to radiated measurements on fully assembled
equipment; they may also be applied to the testing of components, integrated circuits, and the
shielding effectiveness of gasket materials and cables. For further information see other
publications listed in the Bibliography.

In this document, CW measurements of electric field strength are expressed in terms of RMS
values, while transient measurements are expressed in peak values.

5 TEM waveguide requirements

5.1 General

TEM waveguides can be used for emission measurements and immunity tests when certain
requirements are met. For the validation of a TEM waveguide the methods described in
Clause 5 shall be applied.

Clause 5 focuses on general validation aspects such as the dominant TEM mode and field
homogeneity. Specific validation requirements for emission measurements, immunity testing,
and transient testing are given in Annex A, Annex B, and Annex C, respectively.
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5.2 General requirements for the use of TEM waveguides
5.21 Test volume and maximum EUT size

The maximum size of an EUT is related to the size of the usable test volume in a TEM waveguide.
The usable test volume of a TEM waveguide depends on its size, geometry, and the spatial
distribution of the electromagnetic fields.

The usable test volume of a TEM waveguide (see Figure D.6 to Figure D.11 in Clause D.8) is
established by the “uniform area” as defined in 5.2.2. The propagation direction of the
waveguide TEM mode (typically the z-axis) is perpendicular to a uniform area (in a transverse
plane, typically the xy-plane). In the xy-plane the entire cross-section of the usable test volume
shall fulfil the requirements of the uniform area specified in 5.2.2. The minimum value for the
distance hg7t between the EUT and each conductor or absorber of the waveguide (see

Figure D.7 to Figure D.11) is given by the distance between the boundary of the uniform area
(see 5.2.2) and the conductor. However, ig 7t should not be zero, to avoid possible changes in

the EUT operational condition due to close coupling between the EUT and the conducting
structures of the TEM waveguide (hg,t should be larger than 0,05, i being the spacing

between conducting structures). Along the z-axis (propagation direction) the usable test volume
is limited by znin <z < zmax » Where z,;, and z,,,,, are established using the methods of Clause 5.

The length of the test volume is L=z, —znin- The TEM mode requirements of a uniform area
shall be validated for cross-sections at each EUT test point z used with zy, <z<zpa -

Alternately, it can be assumed that the TEM mode requirements are fulfilled for any z in the
range zmyin <z <zpax Under the following conditions:

a) if the TEM mode requirements are fulfilled at the position z,,,, and the geometry of the
waveguide is similar to one of the types shown in Figure D.6 to Figure D.11 with a constant
aspect ratio of 4 to w (inherent shape) for 0 <z <z, or,

b) if the TEM mode requirements are fulfilled at the positions z.;, and z,,, and the
waveguide cross-section is constant or uniformly tapered for zy,<z<zua , and the
derivatives dh/dz and dw/dz are a smooth function for zy, <z <z, (no Kinks or steps in the
conductor geometries).

The maximum size of an EUT is related to the size of the usable test volume. The EUT shall be
verified to be not larger than 0,6 w x 0,6 L (see Figure D.7 to Figure D.11).

NOTE ISO 11452-3 [37] defines an EUT size of 0,33 w x 0,6 L, and MIL-STD-461G [47] recommends 0,5 w x 0,5 L.

The maximum usable EUT height should be 0,33 %, with # equal to the distance between the
inner and outer conductors (conductor spacing) at the centre of the EUT in the test volume (for
example, between the septum and the floor in a typical TEM cell). For all TEM waveguides, the
EUT shall fit within the usable test volume for all of its rotation positions.

Most documents restrict the EUT size to 0,33 2. The maximum usable EUT height may be larger
than 0,33 2 if the manufacturer or the user documents information about the measurement
uncertainty for larger EUTs. More information about loaded waveguide effects is given in [39]
and [40].

5.2.2 Validation of usable test volume
5.2.2.1 General

Subclause 5.2.2 uses the concept of a "uniform area," which is a hypothetical area in which
variations of the field magnitude are acceptably small (see [18]). The physical dimensions of a
TEM waveguide determine the size of this uniform (plane) area. Unless the EUT can be fully
illuminated in a smaller surface, the maximum size of an EUT is also related to the size of the

usable test volume (see 5.2.1). Documents
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If no other definition is given in a product standard or by the manufacturer of the TEM waveguide,
the uniform area should be a vertical plane orthogonal to the propagation direction of the field.
The uniform area should be a single plane coincident with the front face of the EUT. Use of a
vertical plane in this description assumes that the direction of the TEM mode propagation is
near horizontal (oriented along the z-axis) and the plane wave propagation is given. If the TEM
mode propagation direction is in some other direction, the uniform area plane may be re-
orientated accordingly.

NOTE 1 In general, the exact shape and the location of the uniform area are not specified but are determined using
the procedures of this document.

Use of the transmission line configuration of the TEM waveguide avoids perturbation due to
ground-reflected fields as in a semi-anechoic chamber test set-up; thus, uniform fields may be
established in the proximity of the inner and outer conductors (in the normal direction only).

In principle, the uniform area may be located at any distance from the input port of a TEM
waveguide; the location will depend on the specific geometry. The uniform area is valid only for
that distance from the input port at which it is validated. To allow EUT rotation, the uniform area
shall be spaced at a distance at least greater than the largest EUT-enclosure dimension away
from the end of the usable test volume z,,, defined in 5.2.1.

The uniform area shall be validated in the empty enclosure. The frequency range is from the
lowest to the highest frequency of intended use of the TEM waveguide. When the frequencies
are swept, the first frequency step shall not exceed 1 % of the fundamental frequency, and
thereafter 1 % of the preceding frequency in the entire frequency range. One constraint on the
sweep speed is the response time of the field probe. The validation of the usable test volume
shall be performed with a non-modulated signal.

NOTE 2 The TEM field is the dominant mode and the cavities are low Q values, therefore resonances are not
expected to be narrow. For this reason the use of logarithmic frequencies is acceptable for the validation of the
usable test volume.

Depending on the size of the uniform area, it shall be validated at least at five test points (four
at the corners and one at the centre). The spacing between two test points shall be less than
or equal to 50 cm.

NOTE 3 Choosing a larger number of test points results in a better outcome of the testing of the field homogeneity.
Using more test points also results in a more accurate estimation of the overall field homogeneity.

5.2.2.2 Field uniformity verification
5.2.2.2.1 General

The field uniformity may be verified by the constant forward power method (5.2.2.2.2) or the
constant field strength method (5.2.2.2.3). With the constant forward power method the forward
power is kept constant for all grid points and all test frequencies. With the constant field strength
method, the primary component of the electric field strength is kept constant for all grid points
and all test frequencies. While the constant field strength method is more laborious it is also
more accurate, since the linearity of the power meter is usually better than the linearity of the
field probe and the field probe is always operated at the field strength that it has been calibrated
for.

5.2.2.2.2 Constant forward power method

The field is considered to be sufficiently homogeneous, if statistically at least 75 % of the
measured primary electric field components E; are within a 6 dB range. A primary electric field
component tolerance greater than 6 dB but less than 10 dB is allowed for a maximum of 5 % of
the test frequencies (minimum of one frequency), provided that the actual tolerance and
frequencies are stated in the test report. The statistical approach is based on the mean value
and standard deviation of the primary field component as defined in Equation (1) and Equation
(2) to assess the variation of the primary field component over the uniform area. Documents

Document Sharing Hub

Full document details: IEC 61000-4-20-2022


http://avadocuments2026.com/doc/iec-61000-4-20-2022
http://avadocuments2026.com/doc/iec-61000-4-20-2022

- 18 — IEC 61000-4-20:2022 © |IEC 2022

At test point i the measured primary field component is given as E;. The mean value E and the
standard deviation o are calculated for N test points in logarithmic values.

= 1
E=—YNE.
N(%, (1)
1 —\2
& Jm(%(’f ~E) @

The assumption of a normal distribution for the samples of the primary field component leads
to Equation (3) for the probability that 75 % of the measurement results will fall in the range

where the factor k is chosen to be 1,15 (see Table 1).

In case of immunity testing, besides proving that the field is homogeneous, it is also required
that a given percentage of the test points result in a field strength that is greater than or equal
to the test-level field strength E;,.;. The combination of these conditions leads to Equation (4).

E_ <E<E_ +E 4)

test — test margin

Comparing the range in Equation (4) with Equation (3) gives Equation (5) and Equation (6) with
the requirement for field homogeneity.

Etest <E; < Etest +2-k-of (5)
margin

-9 6

=5, (6)

For 75 % probability, (kx=115) and a margin of 6 dB, the standard deviation shall be

op < 6dB ~2,61dB.
2115

For 75 % probability, (x=1,15) and a margin of 10 dB, the standard deviation shall be

~10dB

op < ~4,35dB.
2-115

Table 1 — Values & for expanded uncertainty with normal distribution

Facl:‘tor 1 1,15 1,3 1,5 2 3
Prob;blllty 68.3 75,0 80,6 86,6 95,5 99,7
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5.2.2.2.3 Constant field strength method

At test point i the measured forward power is given as Pyg,q ;. The mean value F,4 and the
standard deviation op are calculated for N test points in logarithmic values using Equation (7)
and Equation (8).

o
Prd :szfwd,i (7)
(V)
1 — 2
op= |3 (Bug; - Prwc (8)
' JN'WN)( )

The assumption of a normal distribution for the samples of the primary field component leads
to Equation (9) for the probability that 75 % of the test results Py, 4 ; will fall in the range of

2k0'P

}_)fwd—k~O'PSPde‘l-S}_)fwd +k-op (9)

where the factor k is chosen to be 1,15 (see Table 1).
The field is considered to be sufficiently homogeneous in the constant field strength method, if

statistically at least 75 % of the measured forward powers Py, 4 ; are within the tolerance of 0 dB
to 6 dB above the minimum value P, 4. This results in Equation (10).

Best < Bwd; < Rest +6dB (10)

Comparing the range in Equation (10) with Equation (9) gives Equation (11) and Equation (12)
with the requirement for field homogeneity.

2.k-0p <6dB (11)
6 dB

A forward power tolerance greater than 6 dB but less than 10 dB is allowed for a maximum of
5 % of the test frequencies (minimum of one frequency), provided that the actual tolerance and
frequencies are stated in the test report.

The statistical approach is based on the assumption of normal distribution and the calculation
of the mean value and the standard deviation of the forward power.

For 75 % probability, (kx=115) and a margin of 6 dB, the standard deviation shall be

6 dB

~2,61dB.
2115

(TPS
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For 75 % probability, (x=115) and a margin of 10 dB, the standard deviation shall be

. 10dB

op < ~4,35dB.
2115

5.2.2.3 TEM mode verification

TEM waveguides can exhibit resonances above a certain cut-off frequency that is determined
by the cross-sectional dimensions and/or the waveguide length. For practical use, the field in a
TEM waveguide is considered to propagate in a TEM mode when the following requirements
are met. This verification of the TEM mode applies to waveguides used either for immunity
testing or emission measurements. The TEM mode behaviour shall be confirmed at regular
intervals (see 5.2.2.4).

NOTE 1 Generally, a TEM waveguide manufacturer provides documentation on the TEM mode behaviour.

The TEM mode is considered to be dominant if statistically at least 75 % of the measured
secondary (unintended) electric field components are at least 6 dB less than the primary
component of the electric field. Secondary electric field components at levels up to -2 dB of the
primary field component are allowed for a maximum of 5 % of the test frequencies (minimum of
one frequency), provided that the actual tolerance and frequencies are stated in the test report.

NOTE 2 The 6 dB criterion of 5.2.2.3 describes the dominant TEM mode rather than the field uniformity, and is
separate from and will not be confused with the field uniformity requirements of 5.2.2.2.

The statistical description of the ratio of the secondary and primary electric field component is
based on the assumption of a Rayleigh distribution. For a Rayleigh-distributed measurand, the
75 % quantile Q75 ¢, can be calculated analytically. It can be assumed that 75 % of the test

points have a ratio lower than the quantile Q5 o,.

At test point i the measured primary field component is given as Eprim,i and the secondary field
component as Egq - Egec ; IS the larger one of the two secondary field components. Both values

are to be expressed for N test points in linear values. As given in Equation (13), the parameter
sg of the Rayleigh distribution can be estimated from the measured field components.

2
1 Eseci
< ' 13
R Z_NZ{E (13)

(N) prim,i

The P-quantile of the Rayleigh distribution can be calculated by Equation (14).

Qp:\/—z-st-In(1—P) (14)

For P = 0,75 the 75 % quantile O;5 o, is determined according to Equation (15):

Or59, = -2+ 52 -IN(1-0,75) = s -1,6651 (15)

For 0754, < 0,5 it can be assumed that statistically 75 % of the test points have a secondary
field component that is at least 6 dB less than the primary field component. For Q75 o, < 0,794

it can be assumed that statistically 75 % of the test points have a secondary field component
that is at least 2 dB less than the primary field component.
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5.2.2.4 Field uniformity and TEM mode measurement procedure
5.2.24.1 Constant forward power method

The procedure for carrying out the validation is known as the "constant forward power" method
and is as follows.

a) Position the three-axis probe at one of the points in the grid.

b) Apply a forward power Py,,4 to the TEM waveguide input port so that the primary component
of electric field strength is to be E, gification through the frequency range with the frequency
steps specified in 5.2.2.1, and record the readings of all the forward powers and primary
and secondary component field strengths.

c) With the same forward power, measure and record the primary and secondary field strengths
at the other test points.

d) Calculate the standard deviation ¢, according to Equation (2) of 5.2.2.2.2. All measurement
results are expressed in dB(V/m).

e) Calculate the 75 % quantile Q75 of the ratio of the secondary to the primary field
component according to Equation (15) of 5.2.2.3. The calculation shall be performed using
linear values.

f) The standard deviation o shall be less than 2,61 dB. It may be in the range of
2,61 dB < ¢, < 4,35 dB for a maximum of 5 % of the test frequencies (minimum of one
frequency), provided that the actual values and frequencies are stated in the test report.

g) The 75 % quantile 0,5 ¢, shall be less than 0,5. It may be in the range of 0,5 < 075 ¢, < 0,794
for a maximum of 5 % of the test frequencies (minimum of one frequency), provided that the
actual values and frequencies are stated in the test report.

h) Knowing the forward power Py, 4, the mean value of the primary field component and the
standard deviation of the primary field component, the required forward power P for
immunity testing (see Annex B) with the test field strength E ., can be calculated using

Equation (16). The calculation shall be performed using linear values. The coverage factor
k shall be chosen according to Table 1. In general, & shall be 1,15. The forward power shall
be recorded.

2
Etest

Rest = _ 2'wad (16)

(E—k'U'E)

i) Confirm that the test system (e.g. the power amplifier) is not in saturation. Assuming that
Eiest has been chosen as 1,8 times a required test level of electric field strength, perform

the following procedure over the frequency range:

1) decrease the output from the signal generator by 5,1 dB from the level needed to
establish a forward power of P,.¢;, as determined in the preceding step;

2) record the new forward power delivered to the TEM waveguide;

3) subtract the forward power measured in step 2) from P ;. If the difference in power is

between 3,1 dB and 5,1 dB, then the amplifier is not saturated and is adequate for use.
If the difference is less than 3,1 dB, then the amplifier is saturated and is not suitable
for use.

A flowchart of the procedure is shown in Figure 1 (see 5.4).

EXAMPLE |If at a given test point 81 W gives a denominator in Equation (16) of 9 V/m, then 9 W is used for a test
field strength of 3 V/m.
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5.2.2.4.2 Constant field strength method

The procedure for carrying out the validation is known as the "constant field strength" method
and is as follows.

a) Position the three-axis probe at one of the points in the grid.
b) Apply a forward power Py,4 to the TEM waveguide input port so that the primary component
of electric field strength is to be E, g ification through the frequency range with the frequency

steps specified in 5.2.2.1, and record the readings of all the forward powers and primary
and secondary components of the field strengths.

c) With the same field strength E, 4 ification, Measure and record the readings of all the forward
powers and the primary and secondary field components of the field strengths at the other
grid points.

d) For field uniformity verification, calculate the standard deviation ¢, for all the forward powers
measured at the points according to Equation (8) of 5.2.2.2.3. All measurement results are
expressed in dBm.

e) The standard deviation o, shall be smaller than 2,61 dB.

A maximum of 5 % of the test frequencies (at least one frequency) may be in the range of
2,61dB <oy <4,35dB. The actual values and frequencies shall be stated in the test reports.

f) For TEM mode verification, calculate the 75 % quantile Q0,5 o, of the ratio of the secondary

to the primary field component according to Equation (15) of 5.2.2.3. The calculation shall
be performed in linear values.

g) The 75 % quantile Q;5¢, shall be smaller than 0,5. It may be in the range of
0,5 <0750, <0,794 for a maximum of 5 % of the test frequencies (minimum of one
frequency), provided that the actual values and frequencies are stated in the test reports.

h) For immunity tests (see Annex B), knowing the forward power and the field strength
E.erification » the necessary forward power Fgg; for the required test-field strength Ej.s; can
be calculated using Equation (17). The forward power shall be recorded.

2

E. _

Ptest:[E test ‘j (Bwg tk-op) (17)
verification

i) Confirm that the test system (e.g. the power amplifier) is not in saturation. Assuming that
E st has been chosen as 1,8 times a required test level of electric field strength, perform

the following procedure in the frequency range:

1) decrease the output from the signal generator by 5,1 dB from the level needed to
establish a forward power of Fgg;, as determined in the above steps;

2) record the new forward power delivered to the TEM waveguide;

3) subtract the forward power measured in step b) from P . If the difference in power is

between 3,1 dB and 5,1 dB, then the amplifier is not saturated and is adequate for use.
If the difference is less than 3,1 dB, then the amplifier is saturated and is not suitable
for use.

A flowchart of the procedure is shown in Figure 2 (see 5.4).

The uniformity validation is applicable for all EUTs whose individual faces (including any cabling)
can be fully enclosed by the "uniform area". It is intended that the full uniform area validation is
carried out annually or when changes have been made to the enclosure configuration (e.g. TEM
cell or stripline within a shielded enclosure).
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5.3 Special requirements and recommendations for certain types of TEM waveguides
5.3.1 Set-up of open TEM waveguides

To minimize ambient effects, open TEM waveguides should be installed inside a shielded room
where practical.

NOTE 1 Ambient signal levels are defined in Annex A, Annex B, and Annex C and strongly depend on the test
objectives.

A minimum distance of one plate spacing # from the open TEM waveguide to the shielded-room
floor, walls, and ceiling is recommended. Additional anechoic material can be placed
appropriately in the shielded room to minimize reflections. These distances are given for
guidance only. Note that it is possible to construct an open TEM waveguide where one plate
consists of the floor of the shielded room and the other is an installed septum.

NOTE 2 MIL-STD-461G [47] requires open TEM waveguides to be positioned in a shielded room. MIL-STD-461G
[47] sets a minimum required distance to the walls in relation to the size of the waveguide. CISPR 20 [69] requires a
minimum distance of 800 mm from walls, floor, and ceiling, corresponding to 1 4.

5.3.2 Alternative TEM mode verification for a two-port TEM waveguide

As an alternative to the provisions in 5.2.2, the usable frequency range of a two-port TEM
waveguide can be established using the following verification method.

Before testing the EUT, the TEM waveguide resonances shall be determined for two-port TEM
devices with the test set-up and EUT installed, with EUT power off. In this case, the transmission
loss of the TEM waveguide in the usable frequency range shall fulfil Equation (18):

Foutput
10|9(LJ <1dB (18)
wad _Prefl

Ayoss =

where

Ayoss I8 the transmission loss of the loaded waveguide;

P.oi  is the reflected power measured at the input port;

Pyg  is the forward power measured at the input port;

P is the output power measured at the second (output) port.

output
NOTE 1 The reflected, forward and backward (output) powers are measured with respect to the characteristic
impedance of the TEM waveguide. An impedance transformer is not used. Equation (18) is valid for a characteristic
impedance of 50 Q.

NOTE 2 This is an alternative verification method for a two-port TEM waveguide of the type described in

ISO 11452-3 [37], and is based on the assumption that resonating higher order modes will extract energy from the
TEM mode.

5.3.3 TEM mode generation for a four-port TEM waveguide

In order to generate a TEM mode, input signals shall be applied into ports 1 and 2 with the
same amplitude and reversed phase as is shown in Figure D.6 (see Clause D.8). Ports 3 and 4
shall be terminated with 50 Q lumped loads (see [38] and [63]).
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5.4 Figures for Clause 5

@ f__:The highest test frequency
Field uniformity / TEM 0 max _ ) .
mode verification For a maximum of 5 % of the test frequencies

| as defined in 5.2.2.4.1

Select one of the points in the grid

Position the isotropic three-axis
probe at the point

I

Set the first testing frequency f;

Apply a forward power so that the primary
electric-field strength is to be L,

Record all the forward power, primary and
secondary components field strength readings

|

Increase the frequency faccording to 5.2.2.1

erification

A

A

Testing in all points?

Calculate the standard deviation o for all Set frequency to f; and
testing frequencies according to Equation (2) move to the next point
of 5.2.2.2.2

0. <261dB?

No
261dB<g. ”< 4,34dB?

¥
-

( Verification is passed > < Verification is failed )

Figure 1 — Flowchart of TEM mode and field uniformity verification procedure
with the “constant forward power” method (see 5.2.2.4.1)
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3 £ :The highest frequency under test
Field uniformity / TEM 0 max _ . .
mode verification For a maximum of 5 % of test frequencies

| as defined in 5.2.2.4

Select one of the points in the grid

Position the isotropic three-axis
probe at the point

I

Set the first testing frequency f;

Apply a forward power so that the primary -
electric-field strength is to be L,

Record all the forward power, primary and
secondary components field strength readings

|

Increase the frequency faccording to 5.2.2.1

erification

Testing in all points?

Calculate the standard deviation o, for all
testing frequencies according to Equation (2) Set fretqutﬁncy toth gn;:l
of52223 move to the next poin

0,<261dB?

No
261dB<g, ”< 4,34dB?

¥
-

( Verification is passed > < Verification is failed )

Figure 2 — Flowchart of TEM mode and field uniformity verification procedure
with the “constant field strength” method (see 5.2.2.4.2)
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6 Overview of EUT types

6.1 General

An EUT type is a group of products with sufficient similarity in electromagnetic characteristics
or mechanical dimensions such that testing with the same test installation and the same test
protocol is allowable. The EUT type and its configuration are valid for immunity testing and
emission measurements, to allow a uniform arrangement in the test volume.

6.2 Small EUT

An EUT is defined as a small EUT if the largest dimension of the enclosure is smaller than one
wavelength at the highest test frequency (for example at 1 GHz, 4 = 300 mm), and without any
cables connected to the EUT.

6.3 Large EUT
An EUT is defined as a large EUT if it is

a) an EUT with one or more exit cables,
b) an EUT with one or more interconnecting cables,

c) an EUT with or without cable(s) that has a dimension larger than one wavelength at the
highest test frequency,

d) a group of small EUTs arranged in a test set-up with interconnecting cables, and with or
without exit cables.

However, a single EUT with interconnecting cables being part of that EUT, and with a cable
routing that is not changed during the test, is considered to be a small EUT if the overall EUT
dimensions meet the requirement specified in 6.2.

7 Laboratory test conditions

7.1 General

In order to minimize the effect of environmental parameters on test results, the test shall be
carried out in climatic and electromagnetic reference conditions as specified in 7.2 and 7.3.

7.2 Climatic conditions

Unless otherwise specified by the committee responsible for the generic or product standard,
the climatic conditions at the test site shall be within any limits specified for the operation of the
EUT and the test equipment by their respective manufacturers.

Tests shall not be performed if the relative humidity is so high as to cause condensation on the
EUT or the test equipment.

Where there is evidence that the measurements covered by this document are influenced by
climatic conditions, this shall be noted in the test report.

7.3 Electromagnetic conditions

The electromagnetic conditions at the test site shall be such as to guarantee the correct
operation of the EUT in order not to influence the test results.
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8 Evaluation and reporting of test results

Testing shall be performed according to a test plan which shall be included in the test report.
Test results and reporting requirements are dependent upon the type of test being performed.

The test report shall contain all the information necessary to reproduce the test. In particular,
the following shall be recorded:
a) the items specified in the test plan;

b) identification of the EUT and any associated equipment, for example, brand name, product
type, serial number;

c) identification of the test equipment, for example, brand name, product type, serial number;
d) any special environmental conditions in which the test was performed;

e) any specific conditions necessary to enable the test to be performed,;

f) performance level defined by the manufacturer, requestor or purchaser;

g) for immunity, performance criterion specified in the generic, product or product-family
standard;

h) for immunity, any effects on the EUT observed during or after the application of the test
disturbance, and the duration for which these effects persist;

i) for immunity, the rationale for the pass/fail decision (based on the performance criterion
specified in the generic, product or product-family standard, or agreed between the
manufacturer and the purchaser);

j) any specific conditions of use, for example cable length or type, shielding or grounding, or
EUT operating conditions, which are required to achieve compliance;

k) drawing and/or pictures of the test set-up and EUT arrangement.
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Annex A
(normative)

Emission measurements in TEM waveguides

A.1  Overview
Annex A describes emission measurements in TEM waveguides.

The results of emission measurements made in TEM waveguides may be compared with limits
derived in one of two ways:

a) TEM waveguide-based limits

This approach has been applied to specific product families (for example, procedures for
integrated circuits, military devices, vehicle components and modules, etc.), as described
in the references listed in the Bibliography. In this case, TEM waveguide emission
measurement results are used and compared directly to an independent disturbance limit
or guideline, usually developed specifically for one type of TEM waveguide. In some cases,
the TEM waveguide limits may be derived from limit values used in other test facilities
(see [54]).

b) OATS-based limits

This approach is applicable for EUTs that are subject to disturbance limits given in terms of
field strength at an OATS. A correlation algorithm is used to derive the open-area test site
(OATS) field strength levels from TEM waveguide measurement results.

Only case b) is described in detail in Annex A. Emission measurements using TEM waveguides
requires a validation in order to demonstrate the suitability of the TEM waveguide being used.
For each EUT type a validation procedure shall be carried out as described in Clause 5. In
cases where only relative comparison is made within the same EUT product family, then
correlation to OATS or other test sites is not required. In that case, product committees shall
supply specific limits to determine the compliance of the measurement data.

Correlation algorithms are described in Clause A.3. Correlation algorithms use TEM waveguide
voltage measurements to estimate equivalent OATS field strengths. Free-space field strength
levels may also be estimated. These field strength levels, along with measurement results from
the EUT type validation procedure, may then be compared to the requirements in documents.

A.2 Test equipment

The test equipment shall comply with the relevant requirements of CISPR 16-1-1.

NOTE An isotropic field sensor can be seen as an antenna (see CISPR 16-1-4 for antenna requirements). The
calibration procedures of isotropic field probes and their specifications are described in Annex E and [35].

A.3 Correlating TEM waveguide voltages to electric field strength data

A.3.1 General

This procedure is intended to establish an alternative to OATS emission measurement methods.
The TEM waveguide results are converted to equivalent OATS electric field strength (E-field)
data. Clause A.3 describes an algorithm based on the assumption that the radiated power, as
derived from a TEM waveguide measurement, is radiated by a dipole positioned above a
perfectly conducting ground plane.

Documents

Document Sharing Hub

Full document details: IEC 61000-4-20-2022


http://avadocuments2026.com/doc/iec-61000-4-20-2022
http://avadocuments2026.com/doc/iec-61000-4-20-2022

IEC 61000-4-20:2022 © |IEC 2022 - 29 —

Correlation algorithms include in the calculation the distance between the EUT and each TEM
waveguide conductor, ig 1, and the conductor spacing # (or plate separation) at the centre of

the EUT (see Figure D.7 to Figure D.11, in Clause D.8). The voltages measured with the EUT
placed in the TEM waveguide are generated by the EUT emissions. After rotation (repositioning)
of the EUT according to the requirements of the correlation algorithm, further voltage
measurements are taken until all required positions have been tested. The correlation algorithm
then uses these data to simulate an OATS test.

NOTE Information about correlation methods and example correlation data for emission measurements can be
found in [5], [9], [22], [30], [52], [54], [59], and [60].

Subclause A.3.2 describes an algorithm based on a three-position test. Other algorithms have
been proposed that can be useful for some EUTs (see [47] and [60]).

A.3.2 Correlation algorithms
A.3.2.1 General

Subclauses A.3.2.2 and A.3.2.3 show independent correlation approaches. Subclause A.3.2.2
describes the basic approach of correlation algorithms using the "multipole model", which uses
a set of TEM waveguide tests to determine the equivalent multipole moments. Subclause
A.3.2.3 describes another correlation algorithm that uses only the three voltage measurements;
this latter procedure is often referred to as the "total radiated power method."

A.3.2.2 Multipole model

Any radiation source of finite size may be replaced by an equivalent multipole expansion which
gives the same radiation pattern outside a volume encompassing the source. If the source is
electrically small (characteristic dimensions less than 0,1 times the wavelength), then the initial
multipole expansion terms, effectively electric and magnetic dipoles, will yield an accurate
simulation of the source. The preceding statement holds for an arbitrary source. If the source
itself consists of electric and magnetic dipole-like elements only, then the size restriction with
respect to the wavelength may be relaxed.

The basic approach of correlation algorithms between TEM waveguides and OATS or free
space data is to use a set of TEM waveguide tests to determine the multipole moments. Usually
three complex-valued orthogonal dipole moments are used, requiring six or more
measurements. With the basic three-orientation method, radiated power is estimated, but not
the individual multipole moments. Once the radiated power is estimated, radiated fields either
in free space or over an infinite ground plane may be derived numerically. In this way, it is
possible to simulate the various source-to-receiver antenna configurations required by OATS
emission standards.

For two-port TEM waveguides, measurements at both ports yield both amplitude and relative
phase information (see [17], [44], [46], [53], and [56]). In this manner both the magnitude and
the phase of the multipole moments may be determined and the radiation pattern accurately
simulated, including possible nulls due to phase cancellation. For one-port TEM waveguides no
relative phase information is available; thus, it is only possible to determine the magnitudes of
the multipole moments (see [54], [59], and [60]). Because relative phase information is not
known, one-port TEM waveguide correlation routines assume that all of the multipole moments
radiate in phase. This yields an upper bound estimate only (see [13], [43], and [57]). Detailed
radiation patterns cannot be simulated. The upper bound estimate is valid for comparison to
standard limits. In [47] and [49] it was shown that cross-polar coupling does occur in TEM
waveguides. The influences on emission measurements data have also been shown in those
references.
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A.3.2.3 One-port TEM waveguide correlation algorithm
A.3.2.31 General

The one-port correlation algorithm is based on three voltage measurements made in a TEM
waveguide, from which the total radiated power of the EUT may be calculated. The individual
dipole moments are not separately determined. The total radiated power is then used to
simulate the maximum EUT fields over a ground plane based on a model of parallel dipoles
(source dipole and receive dipole) transmitting the same total power.

A.3.2.3.2 TEM waveguide voltage measurements

The voltages are measured at the TEM waveguide coaxial connector for three orientations of
the EUT that are specified as follows. An (x,y,z) axis system is assigned to the TEM waveguide
according to Figure D.7 to Figure D.11 (see Clause D.8). A standard choice is to align the z-
axis in the direction of propagation, the y-axis parallel to the electric field vector (vertical) and
the x-axis parallel to the magnetic field vector. The centre of the EUT is placed at (x = 0, y, z),
with x = 0 in the middle of the septum. A local "primed" coordinate system (x’, y', z) is assigned
to the EUT. For example, position 65 aligns x’ with x, y’ with y, and z’ with z, as indicated in
Figure A.4. The triplets (65, 41, 24), (45, 21, 14), (15, 31, 54), and (35, 51, 64) form a set of
three orthogonal orientations that can be used for the three-orientation correlation algorithm.

Designating the three voltage measurements by Vo1, Vo2, Vpas it can be shown (see [47] and

[60]) that the total radiated power Ry due to the EUT is given by Equation (A.1)

2
k
p=Mo % ¢2

b= (A1)
3n eOyZC

where the S factor is given by Equation (A.2) or Equation (A.3)

S = dezA] +Vp22 + Vp23 (A2)

\/ Folyg =120 Vol g 120 Vsl g—120
s=\V10 10 +10 10 +10 10 (A.3)
and where
Vot: Vo2 V3 are the voltage measurements from three EUT positions;
S is the root-sum-square of measured voltages;
2n )
kg = is the wave number;

o _\/gz120ngz377g is the free space wave impedance;
€0

Z is the characteristic impedance of the TEM waveguide in Q (typically
50 Q);
egy is the TEM mode field factor: the normalized y-component of the electric

field at the EUT location (for Equation (A.1): (x = 0, y, z)).

For some EUTs, it can be necessary to test three orthogonal orientations at each of four start
orientations (start orientations 65, 45, 15, and 35 in Figure A.4) for a total of 12 canonical
orientations. The maximum voltage measurement and the voltage measurements frgm the two
corresponding orthogonal orientations are then used in the usual three-orientation nﬁlﬂﬁ@ﬂ]‘ents
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A.3.2.3.3 Determining the field factor

a) The algorithm described here requires the primary y-component TEM mode electric field.
Higher order field modes are not directly coupled to the voltage at the port. The field factor
egy is the normalized y-component of the electric field of the TEM mode at a given test

location of the EUT. Two possible procedures to derive the field factor egy are as follows.
The €gy field factor for each specific type and size of TEM waveguide shall be provided by
the manufacturer.

b) Experimental procedure

The field factor can be determined experimentally via a measurement of the y-component
of the electric field Ey in V/m (for an empty cell) at the location (x, y, z) of the EUT centre

with a known input power P; in watts according to Equation (A.4)

E,(x
co, = £ () (A.4)

Je

c) Analytical procedure

For a TEM cell with a rectangular cross-section as shown in [60] the normalized TEM mode
component can be analytically approximated with Equation (A.5)

€0y :%\/Z' i (%-cos(Mw)-sin(M%)-Jo (M-g)J (A.5)

m=135--

where

M=mZ mw=13 5,

a
a is the cell width (see Figure D.7 to Figure D.11 in Clause D.8) at z;
h is the septum height at z;

g is the gap width at z;

XN 02 is the location of the EUT centre;

Jo is the zero-order Bessel function.

Only a few terms of this series need to be retained for a good approximation of ¢, . Field
factor results for a variety of geometries are given in [43].

A.3.2.4 Correlation to OATS

EUT emissions over an OATS are simulated by assuming that the EUT’s total radiated power,
as estimated by the TEM waveguide tests, is the same as that emitted by a dipole (replacing
the EUT) over an ideal perfectly conducting half-space.

The equations for the fields from a dipole are well known and the ideal ground plane is
accounted for by introducing an image dipole. The fields are calculated over the equivalent
height scan of the receive antenna as required by the OATS method. The simulated maximum
received signal for two polarizations (horizontal, vertical) then gives the estimated maximum
field strength E,. . Using the geometry factor g,,, determined by the height-scan of the

receiving dipole, E .. is given by Equation (A.6) and Equation (A.7)

Emax = &max ° 4_75P0 (A.6)
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Nok S
Emax = &max 27_[(_)62 ) Z (A.7)
Yy ~N“c

where
S is the root-sum-square of measured voltages, defined by Equation
(A.2);
2n )
ko =— is the wave number;

A
\/Ezmongﬂm is the free-space impedance;
€0

no =

Zg is the characteristic impedance of the TEM waveguide in Q (typically
50 Q);

eoy is the TEM-mode field factor: the normalized y-component of the electric

field at the EUT location (for Equation (A.1): (x =0, y, 2));
and g4« is according to Equation (A.8).

e~Ikor  o~ikor2

1 2

max horizontal polarization

1 1/2
E[rzz + }4]2 —2nry Cos(ko (r2 -7 )):|

max
§2 e dkom 2 e—jko’2| (A.8)

"o R’ 7

Emax =

max vertical polarization

2 12
—; 3 |:r26 + r16 + 2r13r23 COS(kO (r2 —}”1)):|/
"

max
with the following parameters as shown in Figure A.5 (see Clause A.7):

where

2
n= 52 +(RH —hg) is the distance source dipole to the receiving dipole;

2
r = 52 +(RH —hg) is the distance image dipole to the receiving dipole;
s is the receiving dipole to the source dipole horizontal distance as
designated in normative standards. Normally this value is 30 m, 10 m or
3 m;
hg is the height of the EUT above the ground plane;
Ry is the height of the receiving dipole above the ground plane.

Normally this parameter is varied over the range 1 m to 4 m.
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The maximum free-space, far-zone electric field at a distance r is given by E,, = 1 Mo
-

where D, is the maximum directivity of the antenna. Equation (A.6) follows from setting
Dpax €qual to 3 and accounting for the image antenna and distance r via the geometry factor
gmax - 1he value D, = 3 is an upper limit for an electrically small antenna and follows from the
presence of an electric and a magnetic dipole both orientated and phased for maximum
directivity. For an electric or magnetic dipole alone D, ;.= 15. This is the more likely case for

an unintentional radiator since one source type should be dominant. In this sense, Equation
(A.6) can be viewed as the “worst case” condition.

Generally, the directivity D is given by either an assumed value, or a value known a priori, or
the measured directivity of the EUT. The one-port TEM waveguide correlation algorithm has
always assumed a "worst-case" estimate based on a) total radiated power versus the OATS
scanning volume or cone, and b) the implicit worst-case directivity choice. For comparison with
other total radiated power emission measurement methods, for example, in reverberation
chambers, directivities of D= 15 or D= 17 may be used. For the purposes of this document,
the "worst-case" small-EUT directivity of D= 3 is used.

This correlation method is valid for small EUTs as defined in 6.2.

NOTE For product classes having approximately the same size (form factor) and functionality, a full TEM waveguide
to OATS comparison is made using a representative product from that class. This comparison forms a reference so
that only TEM waveguide testing is needed for other products within that specific product class.

Another correlation method is from TEM waveguide measurement results to free space field
strength levels. For the free space case (or equivalently, fully anechoic chamber), the reflection
terms caused by the ground plane (terms with subscript 2 in Equation (A.8)) are omitted.

Alternately, E,,x may be expressed in dB(uV/m) as Equation (A.9):

ooy = 201g[ 8max |, 1019 20| 11395 (A.9)
m_1 1TW

The factor 20-1g(gmnax -1 M) can be calculated with each measurement, or interpolated from pre-
calculated look-up tables for standard geometries.

ELax can also be expressed as a function of the measured voltages. The insertion of B from

Equation (A.1) and S from Equation (A.2) into Equation (A.6) and conversion to dB(pV/m) leads
to Equation (A.10)

Noko

Emax
E, =20 Ig(—) +201g| |——————
max m71 21- e, \/6

52
+101g) — |+120 (A.10)
Z.-1W

A.4 Emission measurement correction factors

A.4.1 Reference emission sources

Correction factors can be determined using a set of reference emission sources with well-
characterized OATS-method emission responses. The reference sources are selected on the
basis of the types of EUTs that will be tested in the TEM waveguide. The following five types of
reference sources are recommended to represent general EMC applications; these represent
variations of table-top equipment as defined in CISPR 32 [68].
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a) A battery-powered comb generator with a broadband antenna, which is an example of a
small EUT. The largest dimension of the comb generator should be smaller than 0,1 %, where
h is the conductor spacing. If there is no comb generator available on the market that fulfils
the size requirement, a comb generator with size up to 0,35 & may be used. In this case the
size and type of the used comb generator and the regularly allowed size (0,1 #) are stated
at the same clause in the test protocol and marked specially. The EUT enclosure should be
smaller than one wavelength at the highest frequency tested (see 6.2).

b) A battery-powered comb generator with a wire attached, which is an example of a large EUT
without exit cables (see 6.3). The attached wire should extend to the edge of, but remain
within, the usable test volume.

c) A battery-powered comb generator with an attached exit cable, which is an example of a
large EUT with exit cables. The attached wire runs to and through a ferrite clamp.

d) A 480 mm rack-mount enclosure with a built-in comb generator, with at least two exit cables,
intended to be an example of a large EUT with exit cables.

e) An EUT with any of the form factors of a) to d), with a built-in broadband noise source (rather
than a comb generator).

For examples a) to d), the comb generator should produce spectral lines every 10 MHz or less
over the entire frequency range of interest. For example e), the broadband source should cover
the entire frequency range of interest.

The output spectrum should be stable with variations of less than 1 dB during the test duration.

NOTE If the largest dimension of the source is smaller than 0,1 #, minimal perturbation of the TEM mode can be
assumed.

For manufacturers of specific TEM waveguide types and sizes, it is recommended that emission
measurements be performed using the examples of EUTs in four or more TEM waveguides of
the same type and size, and four or more different OATS. The results are valid for all TEM
waveguides of the same type and size. An identical EUT arrangement, receiver detector
function, dwell time, and bandwidth should be used at all frequencies and at each test site. The
three-orientation correlation algorithm should be applied to convert the TEM waveguide-
measured voltages into OATS field strength values.

A.4.2 Arrangement of small EUTs

Tests are performed using a specific test sequence with an example of a small EUT in a TEM
waveguide. The EUT is placed in the centre of the test volume, for example on a test set-up
support, and turned to a minimum of three orthogonal orientations around the ortho-axis
(see Figure A.1 and Figure A.2 in Clause A.7). In some cases, the use of a non-conductive
cube to enclose the affixed EUT, or use of a manipulator, can assist with the rotations.

A.4.3 Calculation of the small EUT correction factor

In the case of the example of a small EUT, a statistical correction factor has been seen to
improve the agreement between OATS and three-orientation correlation algorithm TEM
waveguide field strengths.

The emission measurement in TEM waveguides is based on the total radiated power method.
Therefore, all possible orientations are considered. When comparing OATS data with TEM
waveguide measurements, the operator should select the orientation of the EUT on the OATS
with the maximum emission.

The correction factor calculation is based on the differences of the average and standard
deviation of both the TEM waveguide-correlated and the OATS-measured field strengths at
each frequency. An additional radiation pattern correction factor has also been seen to improve
agreement between OATS and TEM waveguide results for the small EUT. The correction factor

¢, at each frequency f'is calculated using Equation (A.11):
/ Documents

Document Sharing Hub

Full document details: IEC 61000-4-20-2022


http://avadocuments2026.com/doc/iec-61000-4-20-2022
http://avadocuments2026.com/doc/iec-61000-4-20-2022

IEC 61000-4-20:2022 © |IEC 2022 - 35—

sz)_cf_ds,f_t (A11)
where
X, is the average difference between TEM waveguide and OATS field strength results;
ds s is the difference of the standard deviations of multiple TEM waveguide and OATS

readings according to Equation (A.13);
t is the radiation pattern uncertainty factor according to Equation (A.19).
A small EUT might not have an omnidirectional radiation pattern; this difference should be taken

into account by the factor ¢ in Equation (A.11). Measurements on different OATS and in different
TEM waveguides can result in deviations also. This is taken into account by d,, in

Equation (A.11). The typical order of magnitude of r and ds,fis 1 dB.

The difference of the averages of the field strength results at each frequency is given by
Equation (A.12)

_ 1 1
Yr = —th,f ‘—Z%f (A.12)
iz m 1

where

gif is the TEM waveguide electric field strength correlated with free space (according to
A.3.2.4);

i=1..n nisthe number of TEM waveguide measurements;
Ok is the OATS electric field strength;
k=1..m misthe number of OATS measurements;

is the frequency;

8gif are the correlated field strength results from i = 1...n measurements using one or
more TEM waveguides of a specific type and size; and

Ok r are the results from k£ = 1...m measurements using one or more different OATS.

NOTE 1 The quantities g,.y/.and oky/.follow a log-normal distribution and therefore Equation (A.12) can be expressed
using a logarithmic scale.

The difference of the standard deviations of the multiple TEM waveguide and OATS readings
is given by Equation (A.13)

dg, ;= STEM,f ~SOATS,f (A.13)

Here STEM,f is the standard deviation of the TEM waveguide multiple field strength values, given
by Equation (A.14)

(A.14)

Documents

Document Sharing Hub

Full document details: IEC 61000-4-20-2022


http://avadocuments2026.com/doc/iec-61000-4-20-2022
http://avadocuments2026.com/doc/iec-61000-4-20-2022

- 36 - IEC 61000-4-20:2022 © |IEC 2022

and SoaTss is the standard deviation of the results from one or multiple OATS, given by
Equation (A.15)

(A.15)

SOATSf =

In these standard deviation equations, the mean of each TEM waveguide and the OATS levels
are given by Equation (A.16) and Equation (A.17)

_ 1 n
gr =;Zgi,f , for the TEM waveguide (A.16)
i=1
- qnm
0f =—2,0%y . for OATS (A.17)
k=1

If the TEM waveguide is unique (n=1), for example built for experimental use in a single

laboratory, then STEM,f=0 for the determination of the correction factor of this specific

waveguide. Therefore, results from a unique TEM waveguide cannot be used for the validation
of any other TEM waveguides, even of the same type and size.

For each specific TEM waveguide, the radiation pattern uncertainty factor ¢ is derived from a
series of three-position correlation tests made at eight starting positions; for example, 0°, 45°,
90°, 135°, 180°, 225°, 270°, and 315°. For instance, with start position 65 of Figure A.4 (xx’yy’zz’)
(see Clause A.7), the EUT is rotated to those angles around the y-axis. At each start position,
the three-position correlation method is used to yield, in sum, a series of eight correlated field

strength values designated E, ( 8x3 =24 voltage readings). E, is the mean value of the
electric field strength, specifically, Ep =(Ego + Egge)/2 - Eapse = (Epgse + Ezqs0)/2 . A
maximum field strength, E, ., , is obtained as the highest field strength for each pair of values

separated by 90°. Specifically,
Eoo’max = maX(Eoo =+ Egoo),..., E225°,max = maX(Ezzso =+ E3150)

A standard deviation factor is calculated using Equation (A.18).

225°1315°

toge, ;= || =L (A.18)

where [ is the number of start positions (eight in the above example).

The final radiation pattern uncertainty factor ¢ is obtained as the average of these according to
Equation (A.19)

n

z:%Z(tgoo,f)_ (A.19)
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NOTE 2 Instead of the #-factor approach, the six-position method [42] or the twelve-position method [55] can be
considered; the key condition is that the maximum radiated power value is captured. Comparison data are shown in
[28] and [29].

A.5 Emission measurement procedures in TEM waveguides

A.5.1 EUT types
A.5.1.1 Small EUTs

A small EUT shall be tested using two start orientations in a TEM waveguide. The first start
orientation is arbitrary, while the second start orientation is the first start orientation rotated as
shown in Figure A.4 (see Clause A.7). For each start orientation, the applicable correlation
algorithm EUT rotations are performed. For example, the three-orientation method of A.3.2.3.2
requires that three orientations be tested. This procedure shall be carried out with start
orientation 65 and 15, or 45 and 35, of Figure A.4 (a total of 2 x 3 = 6 orientations). The highest
correlated field strength from these two data sets shall be reported at each frequency.

NOTE The frequency range is determined by the applicable emission limit or test objective, usually 30 MHz to
1 GHz for small EUTs. The usable frequency range is determined by the TEM mode verification tests (see 5.2.2).

A.5.1.2 Large EUTs

Large EUTs can be tested using twelve orientations, as depicted in Figure A.4 (see Clause A.7).
For each EUT orientation, exit cables shall be aligned as closely as possible with the primary
TEM mode electric field component (e.g. the y-axis in Figure D.7; see Clause D.8) until the
outer wall is reached. The cables then shall be routed along the outer wall to the exit point.
Interconnecting cables shall be arranged in a manner consistent with typical EUT usage.

The maximum received voltage over the twelve orientations shall be found and converted to an
electric field strength E,,, | according to Equation (A.20) using an equivalent antenna factor

for the TEM waveguide F, | given by Equation (A.21)

Emax,TL = Vmax 'Fa,TL (A-2O)
Mo h 1

Br=o—- (A.21)
Zo L A

where | is the distance from the TEM waveguide measurement port to the EUT position.

This TEM waveguide maximum electric field strength can be compared to OATS-based
emission limits E,,, (see Clause A.1) by normalizing it to the OATS test separation distance s

according to Equation (A.22)

Emax = Emax,TL 'Z'E (A22)

A.5.2 EUT arrangement

The following information is given for guidance purposes.

The EUT is placed in the centre of the usable test volume (see 5.2.2) on a manipulator
(see 3.1.13, and Figure A.1, Figure A.2b), and Figure A.2c) in Clause A.7), or on a test set-up
support (see 3.1.24).
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EUTs without any cables should be fixed in the rotation centre of the manipulator. Using the
manipulator, the EUT is rotated around its electrical centre (which can be assumed to be
identical with the geometrical centre of the EUT).

For EUTs with cable(s), the following cable routing applies. Long cables should be bundled
according to the requirements stated in CISPR 16-2-3:2016 and
CISPR 16-2-3:2016/AMD1:2019, 6.4 and 7.5.4 [67]. The interconnecting cable(s) should be
routed perpendicularly from each case. In order to obtain repeatable measurement results, the
relative positions of the interconnecting cable(s) and of the EUT should not change throughout
the three-orientation correlation algorithm. If the cable(s) are too long, the interconnecting
cable(s) can be bundled according to CISPR 16-2-3:2016 and CISPR 16-2-3:2016/AMD1:2019,
6.4 [67].

The exit cable(s) should be routed perpendicularly from each EUT enclosure to the boundary
of the usable test volume. The cable is then routed along the border of the usable test volume
to the corner at the ortho-angle and the lower edge of the test volume (Figure A.1). Using a
positioner as shown in Figure A.2b), the exit cable(s) should be routed along the ortho-axis.
The cable position should be restrained, for example, by non-conductive clamps. The exit
cable(s) are routed from the lower corner of the usable test volume at the ortho-angle to the
absorbing clamp(s) at the TEM waveguide ground plane. Multiple cables should be separated
by approximately 100 mm. At the TEM waveguide ground plane, each cable is terminated by
separate absorbing clamps or by clip-on ferrites (see [1]). The insertion loss of the clamp (or
clip-on ferrite) should be greater than 15 dB for the frequency range of 30 MHz to 1 000 MHz.
The connection cable should not touch the inner or outer conductor of the TEM waveguide
before the cable is terminated by the absorbing clamp or clip-on ferrite. Up to 1,3 m of cable
precedes the clamp location. If the cable is shorter than 1,3 m, then all of the cable precedes
the clamp location. If the cable is longer than 1,3 m, then at least 1,3 m of cable should precede
the clamp location (see Figure A.1). Exit cables are routed from the absorbing clamps to
connectors on the floor or wall, and then connected to associated equipment outside the TEM
waveguide.

A.6 Test report

The test report shall include both the corrected (E) and uncorrected (E,,,,,) field strength results,
as determined according to Equation (A.23)

E = Emax —Cf (A.23)

with E, 5« in V/m from Equation (A.6) and cfin V/m from Equation (A.11), or with Equation (A.24)

(in dB)
f
E|yg = Emax|gg —2019 i | 7120 (A.24)
with Emax\ds in dB(uV/m) from Equation (A.9) and cfin V/m from Equation (A.11).
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A.7 Figures for Annex A
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The length of the connection cable between the EUT case and the termination shall be approximately 1,3 m.

Figure A.1 — Routing the exit cable to the corner at the ortho-angle
and the lower edge of the test volume in a TEM waveguide (see A.5.2)
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a) Ortho-axis and ortho-angle (see A.5.2)
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c) Top view

NOTE Analogous to the set-up of Figure A.1, this positioner gives three orthogonal positions by means of three
120° rotations around the ortho-axis.

Figure A.2 — Basic ortho-axis EUT positioner or manipulator
(see 3.1.13, A.4.2, A.5.1.2, A.5.2)
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a) Die net for the EUT b) Axis alignment in position 65

NOTE 1 The axes x, y, z represent the TEM waveguide’s coordinate axes, where z is the direction of propagation,
and the primary field component is polarized along the y-axis. Each EUT position consists of two numbers: the

number in the positive z-direction and the number in the positive y-direction. Therefore Figure A.3b) displays the EUT
in position 65 as shown in Figure A.4.

NOTE 2 For most EUTs position 65 is redundant with position 62. Generally speaking, each position has a redundant
position for which the sum of the second digits of the position name is seven (e.g. 46 and 41, 64 and 63).

Figure A.3 — Die pattern and axis alignment for an EUT [26] (see A.3.2.3.2)
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NOTE 1 In this figure, x, y, z refer to the TEM waveguide coordinate axes, x’, y’, z" are the EUT coordinate axes,
and the field is polarized along the y-axis and propagating along the z-axis. The virtual (or geometric or phase) centre
of the EUT remains at the same position relative to the TEM waveguide conductors.

NOTE 2 These twelve positions can be obtained by rotating the EUT three times by -90° around the y-axis of the
TEM waveguide (65, 45 15, 35), then tilting the EUT by -90° around the z-axis of the TEM waveguide. Another three
rotations around the y-axis (31, 51, 41, 21), followed by another tilt around the z-axis, and the last three rotations
around the y-axis (24, 14, 54, 64), provide the required twelve non-redundant measurement positions.

NOTE 3 The triplets (65, 41, 24), (45, 21, 14),

(15, 31, 54), and (35, 51, 64) form a set of three orthogonal

orientations that can be used for the three-orientation correlation algorithm. Similarly, in an immunity test, the
minimum eight faces are given by, for example, the two sets of four orientations (24, 14 54, 64) and (65, 45, 15, 35)
in the first and the third rows of this figure.

Figure A.4 — Non-redundant twelve-face and axis orientations

Full document details: IEC 61000-4-20-2022
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NOTE The z-axis is horizontal like the ground plane and is aligned with the propagation direction. This is consistent
with the coordinate system of TEM waveguides, where the z-axis is parallel to the conductor and aligned with the
propagation direction.

Figure A.5 — Open-area test site (OATS) emission measurements geometry (see A.3.2.4)
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Annex B
(normative)

Immunity testing in TEM waveguides

B.1 Overview

Annex B describes immunity testing in TEM waveguides. The intention is to enable the testing
of electrical and electronic equipment for immunity to an incident electromagnetic field.

The test is performed with a specific arrangement of the EUT. This requires that the test set-up
and the test limits or levels are defined by specific product or product family standards.

B.2 Test equipment

B.2.1 General
The following types of test equipment are recommended:

a) TEM waveguide: of a size adequate to maintain a uniform field of sufficient dimensions to
contain the intended equipment under test (EUT);

b) electromagnetic interference (EMI) filters;

c) RF signal generator(s): it is often useful to monitor the forward and backward power into the
TEM waveguide when establishing field levels. A directional coupler along with an RF
voltmeter or power meter allows the measurement of actual forward power to a TEM
waveguide (as opposed to nominal power of the RF signal generator). Both shall cover the
intended bandwidth;

d) power amplifiers;

e) field sensors, capable of separately monitoring the electric field along all three orthogonal
axes. Any probe-head and opto-electronics circuitry shall have adequate immunity to the
field strength to be measured and a fibre-optic link to the indicator outside the TEM
waveguide. An adequately filtered signal line may also be used. TEM waveguides require a
field probe that allows the electric field to be measured individually along all three orthogonal
axes. If a small single-axis antenna is used, it shall be repositioned to measure each field
component separately;

f) associated equipment to record the power levels.
B.2.2 Description of the test facility

For TEM waveguides, the TEM mode is equivalent to an incident plane wave for the purposes
of immunity testing. Whereas an ideal plane wave is invariant over any constant phase front,
the TEM mode fields in a transmission line will vary over a constant phase front in accordance
with the particulars of the cross-section geometry. Both the anechoic chamber and TEM
waveguide methods are based on a plane wave field distribution before the EUT is inserted.
A TEM mode-field pattern is more similar to vertical polarization in an anechoic chamber, while
in a chamber the field pattern in horizontal polarization is more prone to distortion caused by
ground plane reflections.

NOTE A TEM cell itself acts as a shielded enclosure. Open striplines are typically located in a larger shielded
enclosure to ensure isolation. Absorbing material can be used in the larger enclosure to improve field uniformity.
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B.3 Field uniformity area calibration

Areas not listed in Table B.1 shall be calibrated using a grid number defined by the smallest
0,5 m grid fully containing the proposed area. Grid spacing shall be uniform along each side. In
the test set-up, the EUT shall have its face illuminated coincident with this plane (see Figure B.2
in Clause B.8).

Table B.1 — Uniform area calibration points

Layout and number

Dimensions of test points

1,5mx1,5m 4x4=16
1,0m x 1,5m 3x4=12
1,0m x 1,0 m 3x3=9
0,5mx1,0m 2x3=6
0,5mx0,5m 4 + 1 (centre) =5

0,25 m x 0,25 m 4 + 1 (centre) =5

EXAMPLE 1 A 20 cm x 20 cm area using 4 + 1 [centre] = 5 points, a 80 cm x 80 cm area using 3 x 3 = 9 points,
and a1,2m x 0,6 m area using 4 x 3 = 12 points.

EXAMPLE 2 A 1,2 m x 0,6 m uniform area uses a 0,4 m x 0,3 m basic grid size.

The requirement of a uniform area is based on the TEM mode verification method of 5.2.2.3. In
principle, the field uniformity is verified in terms of the primary TEM mode field component. If
the resultant field strength is used instead, all above-mentioned requirements have to be
fulfilled, and it shall be shown that the requirements on the secondary components of 5.2.2.3
are fulfilled. Further information about field homogeneity is given in [22].

B.4 Testlevels
The test levels are given for guidance in Table B.2.

Table B.2 — Test levels

Test level Test-field strength
Vim

1 1

2 3

3 10

X Special
NOTE X is an open test level. This level is given in the
product specification.

B.5 Test set-up

B.5.1 Arrangement of table-top equipment

For TEM waveguides, rather than using a 0,8 m high non-conducting table as typical for some
immunity test set-ups, the equipment shall be placed on a test set-up support (see 3.1.24) or
manipulator (see 3.1.13) of a proper shape and size such that the front face lies within the
uniform field area in each position. A typical EUT set-up is shown in Figure B.1 (see Clause B.8).
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B.5.2 Arrangement of floor-standing equipment

For TEM waveguides, the equipment shall be placed on a test set-up support in such a way that
the front face lies within the uniform field area. The use of non-conducting test set-up support
prevents accidental earthing (grounding) of the EUT and distortion of the field. The test set-up
support shall be bulk non-conducting, rather than an insulating coating on a metallic structure.

B.5.3 Arrangement of wiring

Wiring shall be left exposed to the electromagnetic field for a distance of 1 m from the EUT and
shall be routed above the floor, at either EUT level or along a diagonal in the xy-plane, to the
exit point in the TEM waveguide outer conductor (e.g. wall or floor in a TEM cell). Routing the
cable in the z-direction along the outer or inner conductor shall be avoided. Cables routed
parallel to the inner or outer conductor of the TEM waveguide shall be spaced a minimum of
0,1 m away from the conductor surface. Exit cables shall be terminated by absorbing clamps
(see A.5.2). The termination of the exit cable shall be placed at the borderline of the uniform
area. For guidance on absorbing clamp characteristics, see the descriptions in CISPR 16-1-4.

B.6 Test procedures

The test shall normally be performed with each of the four sides of the EUT facing the generator
port.

For TEM waveguides, the electric field is polarized in a single direction (typically vertically).
Thus, to ensure that the EUT is fully exposed to the equivalent of both the horizontal and vertical
polarization it is necessary to rotate the EUT. For example, for a vertically polarized electric
field the equivalent horizontal polarization exposures are achieved by first rotating the EUT 90°
around the axis perpendicular to the uniform area (direction of TEM mode propagation) to
reorient the first EUT face, followed by three rotations about the horizontal axis aligned with the
uniform area to expose the other EUT faces (Figure B.1 in Clause B.8). This can preclude the
testing in some TEM waveguides of an EUT which is orientation dependent.

Alternatively, the TEM waveguide may be rotated around the EUT or a multiple-polarization
TEM waveguide (see Figure D.10 in Clause D.8) may be used in such a manner as to achieve
the same polarization.

The frequency step size shall be 1 % of the previous frequency. The dwell time at each
frequency shall not be less than the time necessary for the EUT to be exercised and to respond,
but shall in no case be less than 0,5 s. However, a dwell time of 1 s is advisable.

The frequency ranges to be considered shall be covered in frequency steps, according to the
above requirement, with the signal 80 % amplitude modulated with a 1 kHz sine wave, pausing
to adjust the RF signal level or to switch oscillators as necessary.

If an EUT consists of several components, care should be taken that the relative component
positions are preserved during rotations. This can require careful restraint of the EUT and the
fastening of its components and cables to a test set-up support or manipulator.

B.7 Test results and test report

In addition to the usual radiated immunity test report contents, details about the TEM waveguide
size, type, and verification methods shall be reported.
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B.8 Figures for Annex B
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Key:

E Primary electric field component

H Magnetic field

k Propagation direction (wave vector)

The cable layout on the filter side of the pivot point shall remain stationary. The test set-up supports (3.1.24) may be
repositioned as necessary during rotations. The test set-up supports should be 0,1 m thick. Multiple-unit EUTs shall
be affixed to a test set-up support or an equivalent platform and rotated in the same manner. Manipulators and
rotatable (see [6]) or multiple-polarization TEM waveguides (Figure D.10; see Clause D.8) which achieve the same
set of EUT to incident field polarizations may be used.

Figure B.1 — Example of test set-up for single-polarization TEM waveguide
(see Clause B.5)
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b) Cross-section view
NOTE Example for a uniform area with 3 x 3 calibration points in a GTEM cell according to 5.2.2.1. Figure B.2b)
shows the maximum possible size of the uniform area. The boundary of the uniform area (plane) is given by the outer

calibration points. The calibration points are not outside the usable test volume (see 5.2.1 and Figure D.7 to
Figure D.11 in Clause D.8). See also 5.2.1 for descriptions of L and &g .

Figure B.2 — Uniform area calibration points in a TEM waveguide (see Clause B.3)
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