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R&S ® EMC32-S EMC Measurement Software

Immunity measurements in 
 reverberation chambers

New options expand the 

R&S ® EMC32-S EMC measurement 

software for immunity measurements 

in reverberation chambers in accor-

dance with EN61000-4-21 as well as 

for manufacturer-specific measure-

ment methods (GMW3097 and Ford).

Alternative to anechoic 
 chambers

During conformance tests�� electronic 
devices and systems (e. g. vehicles) are 
exposed to electromagnetic interference 
fields. These immunity measurements are 
normally made in an anechoic chamber 
above 80 MHz (radiated). For a complete 
test�� the EUT has to be radiated from dif-
ferent sides and also with horizontally and 
vertically polarized signals.

Since investments in an anechoic cham-
ber infrastructure are high and the mea-
surements to be performed are complex�� 
alternative test methods are in demand 
throughout the world. One alternative�� 
quite common particularly in the USA but 
also in Europe�� is the reverberation cham-
ber which is mainly used in military appli-
cations. For a description of how the rever-
beration chamber operates and the associ-
ated measurements�� see the generic stan-
dard EN61000-4-�1. The manufacturer-
specific standards GMW3097 and Ford 
ES-XW7T-1A�78-AC for measurements 
in the automotive field are related to this 
generic standard. Reverberation chambers 
are also approved for military EMS mea-
surements in accordance with the MIL-
STD-461E and RTCA DO 160D standards.

How reverberation chambers 
work

A reverberation chamber principally oper-
ates like a cavity resonator into which 
RF energy is injected. The modes (cav-
ity resonances) excited in the resonator 
form the electromagnetic field to which 
the EUT is subjected. To generate a sta-
tistically uniform and isotropic electri-
cal field�� a unit referred to as a tuner (stir-

rer) is used which turns and thus changes 
the mode distribution in the chamber. The 
advantage of this mode modification is 
that all sides of the EUT are subjected to 
the statistically homogeneous electrical 
field which means that neither a turning 
device is required for the EUT nor that the 
antenna polarization has to be modified. 
The transmitting antenna is not oriented 
toward the EUT but radiates toward a cor-
ner of the chamber.

A distinction is made between the mode-
tuned method�� where the tuner is turned 
in defined stages�� and the mode-stirred 
method�� where the stirrer is turned con-
tinuously. The following discussion 
addresses solely the mode-tuned method 
(where the number of tuner positions 
must be large enough to obtain a statisti-
cal field distribution).

When performing measurements with 
pulse-modulated interfering signals�� the 
chamber must have a certain capac-
ity (Q factor of cavity resonator). This is 
due to the structure and characteristics 
of the chamber (shielding panels�� anten-
nas). This factor limits the minimum pulse 
width of the pulse-modulated signal and 
is determined during calibration.

Test system for measurements 
in reverberation chambers

For EMS measurements in reverbera-
tion chambers�� Rohde & Schwarz offers 
a standard system solution which can 
conveniently be configured with the 
R&S ® EMC3� measurement software 
(FIG 1). Depending on the frequency range�� 
a log-periodic or horn antenna gener-
ates the electrical field in the chamber. An 
antenna of the same type is used to mea-
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sure the received power. This antenna is 
connected to a spectrum analyzer�� e. g. 
to the R&S ® FSP7. While the chamber is 
being calibrated�� the field strength (x�� y�� 
z�� and |xyz|) is measured with a broad-
band field probe. A positioning device 
moves the mode tuner to the desired posi-
tions by remote control. Depending on the 
required field strength and the desired fre-
quency range�� several power amplifiers 
are used to generate the power fed to the 
reverberation chamber. The R&S ® SML03 
signal generator together with an 
R&S ® AM300 function generator creates 
the RF signal and the radar pulse pack-
ets stipulated in the GMW3097 and Ford 
standards. An R&S ® NRVD power meter 
evaluates the power. The R&S ® TS-RSP 
switching unit establishes the signal paths 
between the generator and the amplifier 
and those required for measuring the for-
ward and reflected power.

Options for all measurement 
methods

The key component of the system is the 
R&S ® EMC3�-S EMC measurement soft-
ware which�� together with the new 
R&S ® EMC3�-K3 and R&S ® EMC3�-K4 
options�� covers the measurement method 
in accordance with EN61000-4-�1 in the 
reverberation chamber. These options are 
available with software version 6 or later 
(FIG �).

The R&S ® EMC3�-K3 option provides all 
evaluation algorithms for calibrating the 
reverberation chamber and for EUT test-
ing. It requires the R&S ® EMC3�-K4 EMS 
automatic test functionality option. The 
EMS automatic test (FIG 3) further auto-
mates the measurement since additional 
loop parameters can be defined for the 
actual frequency scan (test sequencer). 
The following loop parameters can be 
used for measurements in a reverberation 
chamber:

Tuner position
Sensor position (only for calibration)

◆

◆

Modulation (only for EUT test)
Antenna frequency range (switching 
of transmitting/ receive antennas)

Easy chamber calibration

In contrast to anechoic chambers (homo-
geneous areas)�� reverberation chambers 
have a defined test volume that is usu-
ally cuboid in shape. The field distribu-
tion for both the unloaded and maximum 
loaded reverberation chamber (loaded 
with absorber material) is determined for 
this test volume. This measurement is 
performed only when putting the cham-
ber into operation and repeated only in 
the case of structural modifications to the 
chamber or to the test volume.

During the calibration�� the field probe is 
positioned to the eight corners of the test 
volume and the receive antenna is set up 
at different positions within the test vol-
ume. The EMS automatic test then per-
forms a frequency scan at each tuner posi-
tion (FIG 4).

The calibration yields parameters (stan-
dard deviation of field strength�� maxi-
mum load factor�� and insertion loss) pro-
viding information on the performance 
of the chamber (FIG 5). Also a table with 
the averaged normalized maximum E field 
strength is created. When performing 
measurements on the EUT�� these values 
are useful in calculating the required RF 
power for creating the desired interfer-
ence field in accordance with the follow-
ing formula:
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ETest  required field strength for EUT 
test

E
↔  

averaged normalized maxi-
mum E field strength

CLF  chamber loading factor

◆

◆

EUT tests in the reverberation 
chamber 

Prior to performing a test�� the loading of 
the reverberation chamber by the EUT 
has to be evaluated. The loading must 
not be higher than maximum loading 
determined during the calibration. Oth-
erwise�� false measurement results will 
be obtained (attenuation of cavity reso-
nances).

The EMS automatic test processes the 
configured loops for all mode tuner posi-
tions and modulation modes. This is 
done for each test frequency. More-
over�� you can define whether the 
R&S ® EMC3� software searches for the 
immunity threshold when detecting an 
EUT malfunction (susceptibility method) 
or whether it only documents EUT faults 
without changing the test level (qualifi-
cation method).

During the measurement�� EUT faults can 
either be detected automatically by the 
EUT monitoring system or marked manu-
ally by the user in the R&S ® EMC3� soft-
ware using the keyboard. You can evalu-
ate the individual immunity threshold for 
each EUT fault. The measurement soft-
ware then performs a worst-case anal-
ysis over all mode tuner positions and 
modulation modes�� i. e. only one fre-
quency scan is required (FIGs 6 and 7).

After completion of the test�� you will 
obtain a table with all detected faults 
and also a graphical overview with 
the immunity thresholds of all tested 
 systems.
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FIG 1 Measurements in a reverberation chamber: With the R&S ® EMC32 software, you can conveniently make 
device configurations (in this example for the frequency range from 80 MHz to 1 GHz).

R&S ® EMC32-S Basic package for EMS measurements
R&S ® EMC32-K1 Enhanced EMS functionality for automotive/MIL measurements

R&S ® EMC32-K3
Expansion modules for performing measurements in reverberation chambers 
in accordance with EN61000-4-�1 (R&S ® EMC3�-K4 also required)

R&S ® EMC32-K4 EMS automatic test functionality
R&S ® EMC32-K6 Measurements in accordance with MIL-STD-461E CS103/4/5
R&S ® EMC32-K7 Generic driver for RF generators�� power meters and oscilloscopes
R&S ® EMC32-U6 Upgrade of R&S ® EMC3�-S (earlier than V 6.0) to V 6.x

FIG 2 Available expansion modules for the R&S ® EMC32 EMC measurement software.

Position of tuner

Evaluation
of measurement

result
EMS scan

Modulation mode
CW / AM / PM

Antenna control of
log-periodic/horn antenna

FIG 3 
Flowchart for EMS 

automatic test.

FIG 4 Dialog of EMS automatic test during 
calibration.

FIG 5 Result of calibration in a reverberation chamber.
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FIG 6 Graphical result of EUT testing with determination of immunity thresholds.

FIG 7 Result of EUT testing in a table with determination of immunity thresholds.

Summary

Measurements in reverberation cham-
bers are an attractive alternative to EMS 
measurements in anechoic chambers. 
The tried and tested R&S ® EMC3�-S 
software used for measurements in 
anechoic chambers together with its 
new R&S ® EMC3�-K3 / -K4 expan-
sion options cover all EMS measure-
ment tasks in reverberation chambers 
in accordance with the EN61000-4-�1 
standard. This includes the calibration of 
the test chamber and EUT testing. Since 
the software is modular in structure�� it 
can be easily adapted to any standard 
modifications or manufacturer-specific 
test methods. Owing to its open EUT 
monitoring interface�� it supports auto-
mated EUT testing and is thus future-ori-
ented.

Robert Gratzl
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