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Abstract — This paper is based on the analytical formulation of a
method for predicting the electromagnetic field radiated by a wire
antenna placed in a reverberation chamber. The antenna is
discretized by a series of oblique segments. After verifying this
assumption using full-wave numerical simulations, the proposed
model is applied to a broadband antenna designed for a multiple
antenna source stirred reverberation standard. The model can be
used to analyze the performance of the chamber with respect to a
number of indicators. This analysis has been extended to the entire
frequency range in which the chamber has been experimentally
characterized

Keywords-component: reverberation chamber; source stirring;
statistical analysis;

l. INTRODUCTION

Reverberation Chambers (RCs) are metallic cavities
commonly used for EMC testing [1] in which the
electromagnetic field is properly stirred to obtain uniformity,
anisotropy, and polarization freedom properties within the
working volume.

There are many stirring actions [2], which are mainly divided
into two families: mechanical stirring techniques, which are
based on the change of boundary conditions by the movement
of metal elements [3-5], and source stirring techniques [6], in
which the stirring action is obtained by varying the coupling
between the modes of the chamber and the sources.

One of the techniques belonging to the second family is called
Multiple Antenna Source Stirring because it is based on an
array of antennas placed on the walls of the chamber and fed in
sequence to stir the electromagnetic field. This technique was
originally proposed [7] and experimentally validated [8] using
monopole antennas and its performances have been
successfully compared with the mechanical stirring technique,
both numerically [9] and experimentally [10].

The main limitation of using monopoles is that they are
inherently narrowband antennas. For this reason, in this paper,
we analyze the possibility of increasing the bandwidth of the
method using a broadband antenna. First, a broadband antenna

in free space was designed numerically and tested using full-
wave analysis. Second, an analytical approach has been
developed to determine the behavior of this antenna in a
rectangular cavity. In this way, the main indicators describing
the performance of the antenna in a RC can be predicted without
the need of using numerical models, which are usually
computationally expensive.

Il.  NUMERICAL MODEL OF THE ANTENNA

The antenna chosen is the helical antenna proposed in [11].
This antenna can be analyzed analytically only simplifying its
geometry with a series of straight elements. So it is necessary
to test the assumptions that the behavior of the simplified
antenna is the same as the original one.

To check this assumption, we used the Time Domain Solver
from CST Microwave Studio. The antenna is simplified using
31, 51 and 75 segments, and the reflection coefficient of the
original antenna is compared with the ones of the simplified
versions.

Figure 1 shows the numerical model of the helical antenna
(top) and its approximation with 31 segments (bottom).
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Fig.1. Geometry of the antenna using an analytical representation of the helix
(top) and an approximation obtained using 31 segments (bottom).

The helix has a pitch of 42 mm (pitch angle 12°), a radius of
35 mm, and it is composed by 3 turns.

Figure 2 shows the S11 parameters of the 4 antennas. The
results suggest that there is not much difference in terms of
reflection parameter between the analytical representation of
the helix and the representation obtained using segments.
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Fig.2. Reflection parameter simulated for the analytical model (reference

values) and the approximation using 31 (red), 51 (green) and 71(blue) segments.

In particular, the simplified models of the antenna give almost
the same coefficients so, in order to represent the antenna, it is
sufficient to use the one with the smallest number of segments.

111, ANALYTICAL MODEL OF THE ANTENNA IN RC

In this section the analytical model for the evaluation of the
field radiated by the helix inside a RC is presented. The antenna
is represented as a superposition of linear current elements, as
determined in the previous section.

The analytical model, that predicts the electromagnetic field
radiated by the helix into a RC, is based on superposition
technique and on the analytical equations that describe a generic
oblique electric dipole as source for the cavity mode excitation.
Let’s consider a dipole, directed from Po(Xo,Yo0,20) to
P1(x1,y1,21), fed by a current lo and placed into a rectangular
cavity having dimensions (a x b x c), as shown in Figure 3.
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Fig.3. An oblique segment, fed by a current Iy, placed in a rectangular cavity.

The electric field (E ) generated by this element can be written
as (1) the sum of the irrotational component (E'®R) and the
solenoidal ones (ETE, ETM),

E{)=E®RMD)+E™M + E™() 1)

Each term of this equation can be calculated analytically
thanks to the modal expansion of the electromagnetic field into
a rectangular cavity
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Where kmnp + Qmas and w,,,, are the corresponding
eigenvalues, quality factors, and resonant angular frequencies,
respectively, and 52 = w?pue.

Qnian!is the quality factor of each mode, and it is calculated
considering an equivalent wall conductivity value retrieved
from real chamber measurements [8].

Expressions of Int;, Int; and Int; are reported in Appendix
for sake of readability.

IV. SIMULATED SCENARIO AND RESULTS

The scenario simulated with the analytical model described in
the previous section is a rectangular cavity with dimensions 800
mm x 900 mm x 1000 mm (Fig. 3). In each side of the chamber
there are 20 positions where the antenna is inserted to feed the
chamber. These positions are corresponding to holes made on
the walls of the RC available in our labs.

The numerical simulations of the 31-segments antenna return
a complex value of the current in each segments. All these
oblique current elements are inserted in the model of section I11
to compute the field inside the chamber using the superposition.

Thanks to the model it was possible to compute some indicators
useful to estimate the performances of the RC:

o the field uniformity;

o the field anisotropy;

¢ the field inhomogeneity;

o the field statistics.

A. Field Uniformity

The field uniformity was calculated according to the standard
[1]. The eight vertex of the working volume was chosen at a
distance of 150 mm from the walls of the RC.

Figure 4 shows that the predictions of the proposed analytical
models are in good accordance with the results of the full-wave
numerical simulations [11]. In fact, according to both numerical
and analytical analysis, the uniformity of the electric field meets
the standard requirements for frequencies greater than 2 GHz.
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Fig.4. Electric field uniformity, computed according to the standard [1].
B. Field Anisotropy

Figure 5 shows the behavior of field anisotropy computed in
the central point of the RC, according to the standard [1] and
research [13].

Also for this indicator, the predictions of the analytical model
agree with the result of the numerical simulations [11]. Above
2 GHz, the anisotropy shows a behavior that lies between
average and good thresholds, considering the number of
independent field configurations.
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Fig.5. Electric field anisotropy computed according to the standard [1].
Medium and good threshold are represented by black lines.

C. Field Inhomogeneity

In this subsection the electric field inhomogeneity was
considered; in particular this parameter was calculated between



one of the eight corners of the working volume, having
coordinates P1(150 mm, 150 mm, 150 mm) and the central
point Pg(400 mm, 450 mm, 500 mm).

The field inhomogeneity was defined as (7), according to
[14]:
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where @ = x,y,z, ¥ = P,—P, and a;—ri is the standard deviation
of the E; () component.

Figure 6 shows the frequency behavior of this parameter; it
can be appreciated a value below -3 dB in the whole considered

frequency range.
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Fig.6. Electric field inhomogeneity

D. Electric Field Statistics

The ideal electric field distribution in an ideally stirred RC is
a Rayleigh distribution. For this reason, the electric field
distribution simulated by the proposed analytical model was
compared with the CHIGDOF using the MATLAB function
[h, p] = kstest2(x1, x2). It provides a test decision for the null
hypothesis that the data in vectors x1 and x2 are from the same
continuous distribution using the Kolmogorov-Smirnov two-
sample test. The result h is 1 if the test rejects the null
hypothesis at a 5% significance level, and 0 otherwise. The
kstest2 function also yields the asymptotic p-value p, shown in
Fig. 7 as the frequency-dependent behavior of this parameter.
As expected, the RC is significantly overdriven at higher
frequencies and the statistics of the simulated field tend towards
the ideal distribution.

1 ; , :
0.95
09 \\
0.85 ]
0.8t
0r5F |

0.7 |

Asymptotic p value

0.65 |
0.6 |

0.55 |

L L L L L L L

0.5 L
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
frequency [MHz]

Fig.7. Asymptotic p-value returned by kstest2 function of the electric field.

V. CONCLUSIONS

In this paper, the performances of a broadband helical antenna
have been investigated by an analytical model of the RC.

To that purpose, the helical structure has been discretized into
a sufficient number of oblique elements that can be represented
using the proposed analytical model. After validating the
assumptions that the discretized antenna is almost equivalent to
the original antenna, it has been used inside the analytical model
with suitable current distribution, to obtain a set of indicators
that can be used to estimate the performances of the RC. The
results highlighted the sought broadband behavior of the RC fed
by the considered antenna.

Future work will address the extension of the proposed model
to predict the impedance of the antenna and thus obtain the
analytical distribution of the current along with the wire

antenna.
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APPENDIX

In this section there are reported the expressions of Int,, Int,
and Int, used in formulas (2) (3) and (4).

Int,
_5(0,9) {sin(kxx1 +kyyy — kyz) — sin(kyxo + kyyo — k,2,)
S 4 (ky + kym, — k,m,)
sin(—kyx, + kyy; — k;z;) — sin(=kyxo + kyyy — k;2,)
(—kx + k,m, — kzmz)
sin(kyx, + kyy, + kyz;) — sin(kyxo +kyyo + k,zo)
(kx + kymy, + k,m,)
sin(—kxx1 +kyy, + kzzl) - sin(—kxx0 +kyy, + kzzo)

_ , (A1
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where
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