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Cable assemblies, cables, connectors and passive
microwave components —Screening attenuation
measurement by the reverberation chamber method

1 Scope

This standard describes the measurement of screening attenuation by the reverberation
chamber measurement method, also called mode stirred chamber method.

This standard is applicable to screening attenuation measurements of cable assemblies,
cables, connectors, and passive microwave components, such as waveguides, phase shifters,
diplexers/multiplexers, power dividers/combiners and etc.

Modern electronic equipments have shown a demand for methods for testing screening
attenuation performance of microwave components over their whole frequency range.
Convenient measurement methods have existed for lower frequencies and components of
regular shape. These measurement methods are described in IEC 62153 series standards.
For much higher frequencies and for components of irregular shape, the reverberation
chamber method should be used. Theoretically, the reverberation chamber method has no
upper limit of the measurement frequency, but it is limited by the quality and sensitivity of the
measurement system, and the lower limit of the measurement frequency is restricted by the
size of the reverberation chamber.

2 Normative references

The following documents are referred 'to. inuthe textsin’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 editioncofthe referenced document (including
any amendments) applies.

IEC 61196-1, Coaxial communication- cables,— ,Part 1., -Generic specification — General,
definitions and requirements

IEC 62153 series, Metallic.:communication-cable)test methods

IEC 61000-4-21, Electromagnetic compatibility (EMC) — Part 4-21: Testing and measurement
techniques — Reverberation chamber test methods

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61196-1 and IEC
61000-4-21 as well as the following, apply.

3.1

Screening attenuation

The ratio of the electromagnetic field power coupled to the reference antenna to the
electromagnetic field power coupled to the device under test (DUT), is expressed by a, and
expressed as formula (1):

P
a = 101ogy ($255) (1)
Where
as is the screening attenuation of DUT, in dB;
Prer is the power coupled to the reference antenna, in W;
Pput is the power coupled to the DUT, in W

4 Principle of screening attenuation measurement

The reverberation chamber is an electrically large screening cavity with high quality factor,
which is equipped with mode stirrer(s), input antenna and reference antenna. A system
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configuration example of screening attenuation measurement by reverberation chamber
method is shown in Figure 1.

Reverberation chamber
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Figure 1. A system configuration.example of screening attenuation
by reverberation chamber

The electromagnetic wave power Pix; emitted by the frequency synthesizer is transmitted to
the reverberation chamber through the input antenna in the cavity. The electromagnetic wave
will excite the multi-mode electromagneétic field in the reverberation chamber. The boundary
conditions of these electromagnetic fields"changes with-theerotation and stirring of the mode
stirrer, and the electromagnetic field distribution in the cavity is nearly uniform, isotropic and
randomly polarized in the sense of statistical average. When the DUT is placed in the
reverberation chamber, the approximately-uniformly distributed electromagnetic power Pggr in
the reverberation chambersreceivediby. theireference ;antenna:‘is (equivalent to the external
input power of the DUT,.and; the) electromagnetic jpower, Ppurcoupled into the DUT can be
obtained by the spectrum analyser outside the reverberation chamber.

According to the definition formula (1), the screening attenuation of DUT can be calculated
from formula (2):

P
as = 1010g10< REF)
Ppyr

Py Prgr
=101 (_) . [ _REE
o810 [ Ppyt <PIN]

P P
= 1010g10 (P L] ) - 1010g10 < IN])

DUT PRreF
Py;
= 10l0g10 (52 ) = Bing @
DUT
Where:
as is the screening attenuation of DUT, in dB;
Prer is the power coupled to the reference antenna, in W;
Ppyr is the power coupled to the DUT, in W,
Py is the power injected into the chamber, in W,

Ains is the insertion loss of the chamber, in decibels (dB).
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In formula (2), the first term represents the total screening attenuation of the system which
can be obtained by measuring the power of DUT connected with a load by spectrum analyser
1; the second term represents the insertion loss of the reverberation chamber which can be
obtained by measuring the power of the reference antenna by spectrum analyser 2, and
measurements of the total screening attenuation and the insertion loss can be carried out
simultaneously.

When only one spectrum analyser is configured, the DUT and reference antenna can be
connected to the spectrum analyser separately by using a switch, and the total screening
attenuation of the system and the insertion loss of the reverberation chamber can be
measured separately (also known as time-division measurement), as shown in Figure 2.

Reverberation chamber
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Figurei2s/Alsystems configuration/example-of screening attenuation

by reverberation chamber‘with only one'spectrum-analyser

5 Measurement equipment

5.1 General test instruments
5.1.1 Frequency synthesizer

Frequency synthesizer or other frequency source shall be used, and its output power,
frequency range and transmission bandwidth shall meet the measurement requirements. In
order to ensure the repeatability of measurement, the frequency stability of frequency
synthesizer or other frequency source should be better than 10-6.

5.1.2 Spectrum analyser

The frequency range, resolution bandwidth and sensitivity of the spectrum analyser should
meet the measurement requirements. Other equipment that offers the same function, such as
EMI test receiver, can also be used.

5.1.3 Reverberation chamber

The reverberation chamber shall comply with IEC 61000-4-21.

In general, the reverberation chamber is a shielded enclosure having any shape; however, a
perfect cubic shape should be avoided for optimum performance at lower frequencies. It shall

be made of conductive materials (copper, aluminium or steel) and shall not contain lossy
materials.
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The upper frequency limit depends on the quality of the shielded enclosure and cables.
Furthermore, the sensitivity of the used measurement instruments also limits the maximum
frequency. There is no upper limit theoretically for the measurement frequency of the
reverberation chamber when its quality is disregarded.

In general, the reverberation chamber is required to work with sufficient modes, and the
working frequency should be greater than the cavity mode frequency as calculated from
formula (3):

) 3)

Where I, w and h are the length, width and height of reverberation chamber respectively, m, n
and p are integers, and the value range is up to the number of modes of reverberation
chamber.

1> fomo = (7)

It can be drawn from equation (3) that the lowest usable frequency (LUF) of the reverberation
chamber is limited by the size of the reverberation chamber. The larger the volume is, the
lower LUF is; and the number of modes of the reverberation chamber is directly proportional
to the measurement frequency and the size of the reverberation chamber. Increasing the size
of the reverberation chamber and raising the test frequency can both expand the number of
modes of the reverberation chambér. Therefote,the size of reverberation chamber should be
large enough to meet the" requirements for ‘mode “frequency and mode number when
measuring at lower frequencies.

For more detailed requirements and instructions for reverberation chambers, reference to IEC
61000-4-21.
5.1.4 Mode stirrer

The mode stirrer shall be large with<respect to-wavelength-and be at an angle to the walls of
the chamber. The mode stirrer shall be at least two wavelengths at the lowest measurement
frequency from tip to tip. When needed, more than one mode stirrer can beprovided.

5.1.5 Input antenna

The input antenna shall be a broadband antenna capable of covering the operating frequency
range, and its transmitting direction shall be towards the corner of the reverberation chamber
or the mode stirrer to avoid direct exposure to the reference antenna. The antenna should
exhibit limited resonances in the frequency range and not introduce losses.

The recommended antennas for different frequency bands are given in Table 1.

Table1. Recommended antennas

Frequency range Antenna type
<1GHz Dipole antenna
21GHz Horn antenna

5.1.6 Reference antenna

The reference antenna shall be of the same type as the input antenna, and its polarization
direction shall be orthogonal to that of the input antenna.

5.1.7 Stepper motor

The stepper motor should be driven with enough torque to control the angle and speed.

5.1.8 Linking devices

Low loss semi-rigid coaxial cables with good screening attenuation shall be used as the test
cables to connect the spectrum analyser to the DUT. To avoid resonances, the DUT is
inserted into a test cable loop having a length of more than four wavelengths at minimum
frequency. The cable connecting the spectrum analyser to the reference antenna should be
consistent with the length and quality of the test cable connecting the spectrum analyser to
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the DUT. It is required that the test cables, related connectors, adapters, loads, and etc.
having a screening attenuation at least 10 dB better than the DUT, so as to ensure that the
measured leakage is caused by DUT.

5.1.9 Other instruments

In order to improve the performance of the measurement system, the power meter, directional
coupler, power amplifier and other control equipment may be used. These instruments should
meet the measurement requirements.

5.2 Return loss requirements for linking devices

The individual components of the measurement system should be of good quality, with an
input and output return loss of 15 dB or better. This applies especially to all components,
cables and instrumentation in the signal paths between the reference antenna and the
spectrum analyser, as well as between the DUT and the spectrum analyser, they must meet
this requirement.

This requirement may be difficult to achieve for some DUTs, in this case, a graph of return
loss against frequency shall be included in the documentation.

5.3 Sampling system

5.3.1 General

The sampling system must acquire the power values of the signals from the reference
antenna and the DUT on onerevolutionvofithe modeystirrery The receiver can be connected
with the computer through ‘the“control’ interface, 'and the.samples can be acquired and
processed by software.

Different approaches are acceptable depending on the performance of the equipment:

discrete tuning (step positioning of the made/stirrer);

- continuous tuning (constant rotation of the stirrer);

- peak power acquisition/on.one revelution.of the.mode stirrer;

- averaged power calculation on one rotation ‘of the mode stirrer.
When choosing a measurement mode, it shall be recognized that:

- discrete tuning is slow and requires a large number of sample measurements to be taken
per revolution of the mode stirrer. This does, however, result in the acquisition of more
accurate measurements;

- continuous tuning can continuously rotate and stir to acquire data, and is very economical
in time, but requires a modern and stable receiver.

Therefore, the following two data sampling methods can be used to complete the signal power
sampling:

a) Normal sampling system;

b) Fast sampling system.

5.3.2 Normal sampling system

The normal sampling system offers a high dynamic range, especially if power controlled
amplifiers are used at the output of the generator.

The mode stirrer rotates to different positions (e.g. 50) per a fixed step size. The number of
the positions depends on the LUF of the chamber,as recommended in IEC 61000-4-21and
shown in Table 2. The spectrum analyser samples the signals separately, and then stores
each power data in the computer for further processing. The system controls rotation of the
mode stirrer by controlling the stepper motor.
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Table 2. Number of sampling positions recommended for calibration and test

Frequency range fL~3fL 3fL~6fL 6fi~10fL >10fL
Number of positions 50 18 12 12

Note: f_is the lowest usable frequency (LUF) of the chamber.

The sampling process is as follows:

a) The frequency synthesizer is set to deliver a constant power at a fixed frequency, and the
stirrer is set to rotate to a position (for example, 50 positions for one cycle);

b) The spectrum analyser is connected to the output of the reference antenna or DUT. Its
resolution filter is centred on the emitting frequency of the synthesizer and is fixed (SPAN
0: demodulator mode).

c) The spot scans and samples at each position during a period. After the stirrer has been
rotated for a complete cycle, the maximum power or average power is recorded as Prgr OF
Ppur.

5.3.3 Fast sampling system

The fast sampling system rotates the mode stirrer continuously at a moderate speed, and at
the same time, the computer controls the spectrum analyser to sample the signal power, so
as to quickly obtain the signal power on_ one rotation, which_shortens the measurement time.
For a faster sampling system, aspéectrum analyser with'synchronized tracking synthesizer is
used [5]. The resolution bandwidth is set according to the requirements for dynamic range.
Furthermore, if peak power acquisition ispused; the “peak hold” function has to be used.

a) The frequency synthesizer is set to deliver a constant power at a fixed frequency, and the
stirrer is set to rotate continuously((foriexample/ 1 revalution every 5 s);

b) For a higher dynamic range, the resolution bandwidth has to be reduced. It has to be kept
in mind that this might prolong the measurement significantly because a reduced
measurement bandwidth is involved’with-an-prolonged’'sweep time;

c) In order to ensurethat’ 'enough independent’samples are recorded, the scanning time of
the receiver and the rotation‘period of the'stirrernshalb not be-équaltor integer multiple;

d) After a sufficient number of independentsamples have been recorded, the maximum
power or average power is recorded as Prgr OF Ppurt.

6 DUT

6.1 DUT preparation
6.1.1 Cables

The cable under test needs to be connected with a matching connector with good screening
attenuation to make up a cable assembly for measurement, and the matching connector shall
be selected that can be directly connected with the system to reduce the effect of the
connection link. The screening attenuation of the matching connector is at least 10dB better
than the required value of the cable under test.

6.1.2 Connector

Cable connector: the connector under test needs to be connected with semi-rigid cable with
good screening attenuation performance to make up assemblies for test. The semi-rigid cable
should match the connector under test, and its screening attenuation should be at least 10dB
better than the required value of the cable under test.

Microstrip connector: it should be connected to the measurement system by using appropriate
test fixture;

Adapter: it should be directly connected to the measurement system or connected to the
system by using other adapters.
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