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Abstract: A new reverberation chamber with varying
angles between wall, floor and ceiling and with vibrat-
ing walls is used for in-situ testing of a large radar an-
tenna system. Inside this Vibrating Intrinsic Reverbera
tion Chamber (VIRC) a diffuse, statistically uniform
electromagnetic field is created without the use of a
mechanical, rotating, mode stirrer. This chamber results
in a better homogeneity and increased field strength
compared to conventional mode stirred reverberation
chambers. The experience gained with this VIRC and
results obtained using the VIRC for in-situ electromag-
netic interference (EMI) testing will be discussed.

1. Introduction

A reverberation chamber generally consists of a rectan-
gular test room with metal walls and a mode stirrer,
usually in the form of alarge paddle, near the ceiling of
the chamber. The equipment under test (EUT) is placed
in the chamber and exposed to an electromagnetic field
while the stirrer slowly revolves. The average response
of the EUT to the field is found by integrating the re-
sponse over the time period of one revolution of the
stirrer. The metal walls of the chamber allow a large
field to be built up inside the chamber. The EUT is
therefore exposed to a high field level consisting of
several different polarizations[1,2,3,4].

It has been shown [5, 6, 9, 10, 11, 12, 13, 14] that the
variation of the boundary conditions deviate the reso-
nant behaviour of a reverberation room. For proper
mode separation we need asymmetric structures. On the
other hand, circular structures result in focussing of rays
and thus degrade the spatial uniformity. Wall irregulari-
ties and wall-floor angle irregularities show that the
spatial uniformity and isotropicity can be improved.

By changing all angles of the wall-floor-ceiling of a
reverberation room in a high velocity compared to the
classic mode stirrer in mode stirred reverberation cham-
bers we can use al beneficial effects. This technique is
caled Vibrating Intrinsic Reverberation Chamber
(VIRC) and drawn schematically in Figure 1.

The VIRC is a reverberation chamber where the walls
are made of flexible conducting material. It is mounted
in a rigid structure and connected to that structure via
flexible rubber strings, as shown in Figure 2.
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Figure 1: The VIRC: aflexible tent with irregularly
shaped walls. Thefield is stirred by moving the walls

Figure 2: The VIRC hanging in strings

By moving one or more ridges or one or more walls the
modal structure inside the chamber is changed. Because
the frequency shift is much larger compared to what is
possible with a conventional mode stirrer, the frequency
range of the chamber is extended to lower frequencies
compared to conventional (mode stirred) reverberation
chambers with equal dimensions. Note the natural cor-
rugation of the flexible wallsin Figure 2 which is bene-
ficial for the spatial uniformity too. Another advantage
is that the flexible chamber can be erected inside a
standard anechoic chamber where the EUT has been
installed for standard EMI tests. Furthermore the VIRC



does not need extra space inside the laboratory: it can be
folded and put away fast. The most important advantage
of the flexible structure of the VIRC is that it can be
installed in-situ.

The technique has been described in [16, 17, 18 and 19].
In this paper experience gained in practice, related to
radiated emission and susceptibility EMI testing, will be
discussed.

2. Visualisation of the spatial unifor mity

In the prototype VIRC three fluorescent tubes are fixed
in three orthogonal directions [15]. A field in the VIRC
is generated by means of a generator tuned at approxi-
mately 3 GHz and an amplifier with an output level of
50 W. Due to the fields inside the VIRC the lights are
glowing; bright at the point with a high field strength
and dimmed at places with low field strength, as shown
in Figure 3. The difference in intensity can be seen in
more detail in Figure 4. By moving the VIRC the field
structure is changed. This results in the time-averaged
constant light intensity as shown in Figure 5.

Figure 3: Three fluorescent tube Iighs inthe VIRC, at
3 GHz and 50 W injected power.
()

Figure 4: Detail of Figure 3. Note the differencein light
intensity ~> field intensity.

Figure5: Due to the vibration of the walls the light
intensity is constant over the volume of the VIRC.

3. Experimental characterisation of a
reverberation chamber

Numerous experiments could be carried out to charac-
terize areverberation chamber. Some of them are:

¢ Resonance frequency variation (Af)

¢ Voltage Standing Wave Ratio (VSWR)

e Stirring Ratio (SR)

e (Angular) Correlation coefficient (o)

¢ Power Density Function (PDF)

e Cumulative Density Function (CDF)

e Spatia Field Uniformity (SFU)

¢ Chamber gain (CG)

e Quality Factor (Q)

Measurements have been carried out in a conventional
mode stirred chamber and the first (prototype) VIRC.
Results of the Af, VSWR, SR, PDF and CDF have been
presented in [16, 17, 18].

This paper is dedicated to the use of a VIRC which has
been designed and built for in-situ radiated EMI testing
of alarge active phased array antenna. Numerous mesas-
urements have been carried out, and a selection has been
presented in this paper. This includes stirring ratio,
correlation coefficient, probability (and cumulative)
density function and chamber gain measurements

4. In-situtestingusingaVIRC

A VIRC has been designed and built for in-situ testing
of an active phased array antenna. A picture of this
VIRC is shown in Figure 6 and 7. The dimensions of
this VIRC are 5x3x3m, resulting in a first resonance
frequency of 58 MHz. The VIRC was fabricated by a
tent manufacturer from the basic material we supplied.
The walls were made from metalised (copper) fabric.
The seams were overlapping, using double stitch. The
interface with the EUT was made via a circumferencial
galvanic connection, as shown in Figure 7.
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Figure 6: The VIRC as built for in-situ testing



VIRC connected
galvanicaly with
EUT housing

Figure 7: Interface with the EUT, and the excentric
part inducing the vibration

All cable feedthroughs are either a waveguide-beyond-
cutoff penetration for non-conducting parts, or a circum-
ferencial galvanic connection for all conducting parts,
such as cables. The vibration has been created by using
automobile wiper motors with an excentric arm which is
connected to the VIRC by means of an elastic rope, as
shown in Figure 7.

5. VIRC validation

The VIRC has been validated before actual EMI test
were performed. The EUT was not mounted in the
VIRC during these measurements. Due to the limited
length of a paper, only the most important test results at
only afew frequencies are presented.

5.1. Stirring ratio

The stirring ratio indicates the effectiveness of a stirring
mechanism. If the stirring ratio would be small then the
boundary conditions are changed only slightly, and, asa
result, the spatial uniformity could be low. In [12] a
stirring ratio of at least 20 dB is considered as sufficient.
The electric field strength in the three orthogonal direc-
tions was measured inside the VIRC while the boundary
conditions were changing; i.e. the VIRC was vibrating.
The movements were pseudo-random, by 8 motors with
different rotation speed, creating a wall deviation of at
least 10%. An electromagnetic field was generated
inside the VIRC by an antenna. A generator activated
the antenna. The field strength inside the VIRC has been
measured using the Thomson-CSF ET2003 three-
dimensional E-field sensor. The output signal of the
sensor was fed to the optical receiver via an optical

fiber. The output of the receiver was detected using a set

of 5 logarithmic detectors. The detector makes use of an

AD 8313 integrated circuit, which has a bandwidth of

2.5 GHz, a dynamic range of 70 dB, an amplitude
flatness of +1 dB, a noise level of less than —73 dBm
and a response time of >40 ns. The DC level output,
representing the field strength amplitude, was recorded
by a sampling recorder AR1100. The data were saved
and evaluated on a PC using Excel. The test set-up was
as drawn in Figure 8.
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Figure8: Test set-up for measuring the field strength
inside the VIRC as function of change in boundary
conditions

Measurements were performed at 25, 50, 75, 100, 150,
200, 250, 300, 400, 500, 600, 700, 800 and 900 MHz,
and 1, 1.25, 1.5, 1.75, 2, 2.25, 2.5, 2.75 and 3 GHz. For
every frequency 4000 samples have been taken with a
sample time of 1 ms. The samples were recorded si-
multaneously for the incident and reflected power and
the field strength for every axis, giving a total of 5
channels with 4000 samples.
The stirring ratio, or the field strength as function of the
time, for 100 MHz and 1 GHz has been drawn in Fig-
ures 9 and 10 respectively. It can be observed in the
figures that the SR for 100 MHz and 1000 MHz satis-
fies the rule SR>20dB, as stated in [12].
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Figure 9: Stirring ratio at 100 MHz
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5.2. Correlation coefficient (p)

The three rectangular components of the electric field
strength should be uncorrelated. The angular correlation
coefficient is an indication for this figure. In Figure 11
the combined correlation coefficient is drawn as func-
tion of the frequency, according to:

p:%(‘pxy‘+‘pyz‘+‘pyz‘)

N 030
< °
Tos| ® o4
a °
|5
g o0
€ 015 ®
S °
& 010
= [ ]
8 005 e o °*
g ® o
= 000 ‘ ‘ ‘ ‘
0 200 400 600 800 1000
Frequency [MHz]

Figure 11: Combined correlation coefficient

A correlation coefficient o=1 implies that the signals are
correlated. For instance, for p,=1, the field strength in
X- and Y-direction would be equal. A =0 indicates that
the field strengths in the three directions are uncorre-
lated. Our objective for reverberation chambers is thus
=0 [7]. We can observe that aready for relatively low
frequencies the combined correlation coefficient is low.

5.3. Probability density function

To obtain the probability density function the measured
absolute value of the electric field strengths in the three
directions were normalized by their variance. Therefore
the vectoria sum, denoted as Ey,, is not a physic
quantity anymore. The samples of this 'total electric
field strength’ have been sorted from the minimum field
strength to the maximum field strength. This yields the
experimental probability density function (PDF). By
comparing the experimental PDF with the theoretical
PDF, which should be X(6dof) [7], the quality of the
chamber can be found: if the experimental PDF is equal
to the theoretical PDF then the accuracy of a prediction
isvery high.

The procedure has been carried out for 6 measuring
positionsin a plane of 1.5x1.5 m, for the list of frequen-
cies mentioned before. The PDFs are shown for the
frequencies 100 MHz and 1 GHz in Figures 12 and 13.
From these figures we can observe that at 100 MHz the
PDF is not sufficiently smooth. Note that that this fre-
guency is very low for a reverberation chamber of this

dimension.
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Figure 12: PDF for 6 measuring positions, 100 MHz
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Figure 13: PDF for 6 measuring positions, 1000 MHz

At 1000 MHz the PDF is very smooth, and the curves
for all 6 measuring positions are al within a very nar-
row band around the theoretical PDF.

5.4. Cumulative density function

The cumulative probability density function (CDF) is
obtained by integrating the PDF. Via the CDF a com-
parison of PDFs for different frequencies or a compari-
son of chambers is facilitated. The CDFs are shown for
the frequencies 100 MHz and 1 GHz in Figures 14 and
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Figure 14: CDF for 6 measuring positions, 100 MHz
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Figure 15: CDF for 6 measuring positions, 1000 MHz

5.5. Spatial field uniformity

Another important parameter is the spatia field uni-
formity (SFU). The SFU gives the ability to generate an
isotropic, randomly polarised field, which is stochastic
equal in the whole volume of the chamber, except near
the walls. In Figure 16 the vectorial sum of the magni-
tude of the field strength in the three orthogonal direc-
tions, with respect to the mean field strength, per meas-
uring position has been drawn as function of the fre-
guency. From this figure we can conclude that the field
strength is within the 0-6dB range for frequencies
higher than 150 MHz.
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Figure 16: Field uniformity, 6 measuring positions

5.6. Chamber gain

The chamber gain (CG) gives us the average field
strength increase with respect to a free space environ-
ment. In [7] the chamber gain is defined as

CG :ﬂ
A"Q

where V is the volume of the chamber and Q is the
quality factor. The (loaded) quality factor is difficult to
determine. Therefore a comparison measurement has
been carried out in a full-anechoic chamber (free-space
environment) and in the VIRC. The test set-up has been
drawn in Figure 17.
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Figure 17: Test set-up for Chamber Gain measurement

An electromagnetic field was generated inside the VIRC
by an antenna. The antenna was activated by the output
of the tracking generator of the Rohde& Schwarz ESS
measuring receiver. The field strength inside the VIRC
has been measured using the Thomson-CSF ET2003
three-dimensional E-field sensor. The output signal of
the sensor was fed to the optical receiver via an optical
fiber. The output voltage level of the optical receiver
was measured by the ESS measuring receiver for the
three axes of the field. The received average field
strength in free space environment and the VIRC have
been compared. The difference is the chamber factor
(CF), which is CF =20log(CG). The CF has been

drawn in Figure 17a for a linear frequency scale and
figure 17b for alogarithmic frequency scale.

We can, again, observe a stable behaviour for frequen-
cies higher than approximately 150 MHz. Thisisonly 3
times the first resonance frequency.
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Figure 17b: Chamber factor, logarithmic scale

6. EMI measurements

The Equipment Under Test (EUT) is the multifunctional
Active Phased Array Radar (APAR). A picture taken in
front of the EUT is presented in Figure 18. The test set-
up has been drawn schematically in Figure 19. Note that
the EUT is part of the wall of the VIRC. Due to the fact
that APAR is a classified product we can present only
simplified data.

The VIRC was attached in front of the radar antenna
making a galvanic connection over the whole circum-
ference, as shown in Figure 6 and 7.

Radiated emission measurements and radiated immunity
measurements have been performed and described
shortly.

Figure 18: Test set-up: EUT in the VIRC, with an
antenna placed in foreground
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6.1. Radiated emission

The field strength has been measured as function of
frequency. Average and peak detectors were used si-
multaneously. The measured field strength was cor-
rected by means of the experimentally obtained Cham-
ber Factor:

E= Emeasured -CF

For frequencies below 10 MHz the CF equals 0. The
radiated emission measurements performed in this fre-
guency range therefore result in the same field strength
as would be obtained in an anechoic chamber or free
space environment. For frequencies above 10 MHz, the
chamber factor is positively valued. Therefore the CF
corrected field strength in the VIRC is much lower
compared to the field strength which could have been
measured in a free space environment!

Ambient measurements have been carried out to deter-
mine if the VIRC shielding effectiveness was retained.
Only EMI receiver noise has been measured. This was
also the case with the EUT activated. This means that
the radiated emission was below the receiver noise upto
1 MHz, and even 20dB below receiver noise for fre-
guencies higher than 10 MHz.

6.2. Radiated immunity

Inside the VIRC the maximum power, as available in
our laboratories, was generated. This includes for in-
stance 2500 W in the frequency band 10kHz-200MHz,
500 W 200 MHz- 1 GHz, and 200 W in the frequency
band 1-18 GHz.

The generated field strength can be calculated via the
chamber gain, or obtained via measurements. The
measured maximum average field strength was beyond
1000 V/m, while the maximum peak field strength was
nearly 10.000 V/m. The EUT did not show degradation
of performance.

7. Conclusion

A new type of reverberation chamber to create a spatial
uniform and isotropic electromagnetic field is the Vi-
brating Intrinsic Reverberation Chamber (VIRC). The
major benefits of the VIRC are the extremely high field
strength which can be generated for immunity testing.
The increased dynamic range for emission testing is al'so
beneficial, while the user-friendliness of the technique
for in-situ testing has been shown.

A VIRC was designed for in-situ measurements on a
multifunctional active phased array radar. The VIRC

has been validated prior to the use on the equipment
under test. The test results show that the VIRC fulfils
the de-facto requirements on reverberation chamber
testing for a large frequency range. The EMI measure-
ments could therefore be carried out with a high confi-
dence level.
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