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Increasing the Peak-Field Generation

Efficiency of a Reverberation Chamber

Andrea Cozza

The use of time-reversal techniques has been shown to atlousing energy in a spot
about half a wavelength wide. The fact of being able to cotre&n energy into a reduced
volume of space implies higher power densities and, uletgahigher field levels. The use
of this feature for improving the ability of a reverberatiomamber in converting energy into
high-intensity fields is investigated here. Experimengalits are compared to those predicted
by a simple asymptotic model, revealing the role played Isgds and frequency bandwidth

and how the performance of time-reversal techniques dependhese parameters.

INTRODUCTION

Among the several advantages presented by reverberataonbehrs (RCs), a special place
is certainly held by their ability to produce high-interysélectromagnetic fields from rela-
tively low-power sources. The standard harmonic excitatiban RC leads to a statistically
uniform spreading of the electromagnetic energy over thigeemolume of the cavity, essen-
tially because of the fact that the cavity resonances ardegekin an incoherent way. This
implies that of all the energy stored in an RC driven by a carmdus wave (CW) harmonic
signal, only a fraction can be used for the “aggression” ef équipment under test (EUT).
But while carrying out Electromagnetic Compatibility tesas well as other types of radiated
tests in RC, it would be typically more useful to be able of @amtrating energy only over
the EUT. This scenario can be modified thanks to recent aégabimought by time-reversal
techniques [1]: as a matter of fact, this approach allowstaentrate a bigger share of energy
around and towards the EUT, thus increasing the efficiencth@fRC as a high-intensity
field generator for equipment testing.

In this letter, we prove that higher field-generation efficies are indeed made possible by

using non-harmonic, time-reversal-based signals; wesfaruhow the physical parameters
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of the RC (quality factor), signal bandwidth, etc. ) affect the performance of timesrsal
driven RCs. To this end, we propose a simple asymptotic moaehble of predicting the
average improvement brought by time-reversal techniques the standard use of RCs. Its

validity is checked against experimental results obtaiinean actual RC.

PEAK-FIELD GENERATION EFFICIENCY

For the purpose of our analysis the reverberation chambéeb®irepresented as a black-
box linear system. To this end, the vector electric fiBlgf) generated at a certain position,

will be described as

T
E(f) = X(N®F) = X() (61 62 65 ) (1)

where X (f) is the power-wave applied at the input port of the antennéiegahe chamber
and¢,(f) is the transfer function related to theth Cartesian component of the E field. Two
cases will be considered for the excitation of the systenXdy,(f), a harmonic steady-state
signal of frequencyf,, with peak amplituded, and 2) X1 (f) = P(f)¢;(f), with P(f) the
spectrum of a pulse signalt), covering a bandwidttB; around the central frequendy.
This latter case, i.e., of a time-reversal-driven exanatileads to the generation of a pulse
approximatingp(t¢) [2], dominated by the field component along theéh dimension [3].
Defining p(t) as to attain its peak value at= 0, the peak field generated by applying
Xtr(f) is, in time-domain,

s fern(t)] = llern(O)] =2 [ P(AIH,(1)Ps @

By

having carried out the integral over the positive-freqyemgion of the spectrum. Conversely,

Xcw/(f) yields a non-polarized field, whose peak value is given by
max [[ecw (1) = Al @(f)ll - 3)

Before being compared, the peak fields obtained througlettves approaches need to be
normalized to the energ¥§ that is necessary to apply for their generation, thus leptin

the definition of the peak-field generation efficiency
max [le(t)||
=T

In the case of a harmonic excitation, 95 % of the steady-statplitude is attained after a

(4)

period equal to3r, with 7 = @Q/(nf.) the average time-constant of the R@,being the
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average quality factor of the RC 4t. Hence, an average applied energy

2
A ©
which leads to
= 27e )2 6)
Now = 3 Q c .

Assuming an ideal reverberating chamber [4], the averagdratic field amplitude would be

evenly distributed along the three field components, soithadducing the quadratic average

av(fe)

E[l6p(f)lF] = én(fe) Vpe[1,3] (7)
yields
Bliow] = TS5 ®)
Conversely, time-reversal deals with a finite-energy eticn
em=2 [ Ixm(Nfar=2 [ IPUOPIGPLY ©

so that its efficiency is given by

(f T P(f)|¢p(f)l2df)2

/B PRI S

Definitions (6) and (10) allow assessing how these two wayssofg RCs manage to convert

NTR = 2 (10)

the same amount of energy into a peak field, just by knowingréresfer function between the
excitation antenna and the E field component at a point ofastelt is therefore sensible to
define the gain in the average peak-field efficietity- E [ncw| /E [nrr]. Applying Cauchy-
Schwarz inequality to (10) yields the following bound

E [ie] < 2E { / |¢p<f>|2df} —2 [ G (11)

This results in an equality for a constafff). The term under the integral sign is the same
as in (7) and assuming it to be constant over the entire battbwf the pulses(t), we obtain

BrQ
7 fe

This result is of paramount importance, since it allows ssieg in a very simple way how

G <

(12)

time-reversal techniques would improve the performancR®©f Furthermore, it is a tool for
designing the use of such techniques, as soon ag tbiethe RC is known. In the following

experimental validation we will consider a constdtitf), in order to meet the upper bound.
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EXPERIMENTAL RESULTS

The performance predicted by (12) was tested against empetal results measured in
Supélec’s RC .08 x 1.84 x 2.44 m?), using a log-periodic dipole antenna positioned near
one corner of the chamber, with the dipoles of the antengaedi along the vertical direction
(= axis), while the direction of maximum gain was aimed at a eariihe electric field was
sampled by means of an optical E-field probe, manufacture@rprobe, model EFS-105.
This probe is linearly polarized, so that three transfercfioms were measured for the three
Cartesian field components; to this effect, a styrofoam sttppas used. A grandtotal of 40
positions were considered, uniformly distributed overltveer half of the RC, measuring the
three Cartesian transfer functions by means of a networlyzeraover three sub-bandwidths
of By = 100 MHz, centered around central frequencigsequal to 1, 1.5 and 2 GHz.
Equations (6) and (10) were applied to each transfer functabtaining the peak-field
generation efficiencies; these results are presented inlFighere for eacly,, the average
nocw was set as reference, with all the results presented naadato this value.

This procedure was then repeated with a reduBed namely for 50 MHz and 25 MHz
bandwidths, and the gaid was computed. The results summarized in Table | prove tt2t (1
despite its simplicity, allows assessing quite accuratikeeyimprovement in peak-field gen-
eration efficiency when adopting time-reversal techniquese agreement is stronger at
higher frequencies, where the field statistics in the RC #rsec to an ideal reverberating
medium [4]. Table | also demonstrates another interestadufe: time-reversal-driven RCs
generate peak fields that are affected by a statistical digpe by far lower than for a
harmonic excitation. This feature is related to the seéfraging properties of time-reversal

techniques, as already pointed out in [5] and [6].

CONCLUSIONS
We have proven that time-reversal techniques are an ititegesternative to the standard
harmonic excitation of RCs, by showing that higher pealdfiglues can be generated from
the same amount of energy. This feature was demonstratestimentally and predicted by
means of a simple asymptotic model. More reliable perfocaarwere also observed, with

a strong reduction of the statistical dispersion of the gesld amplitude.
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FIGURE CAPTIONS

Fig. 1 : Frequencies of occurrence distributionsefy (left column) andnrr (right
column), as obtained from transfer functions measured avieandwidthB; = 100 MHz,
at a central frequency, = {1.0,1.5,2.0} GHz (top to bottom, respectively). All the results

have been normalized to the average valuesf.

Table 1 : Comparison of the efficiency gai# assessed from experimental data and
predicted by (12). Only the results for the field generatemh@lthe z-axis are shown for
time-reversal excitation. The ratio of the normalizedistaial dispersions is shown in the

fifth column.
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f Br o BrQ  (o/mow 0
(GHz)  (MHz) mfe  (o/w)rr

25 | 60 45 7.7

1.0 50 | 116 91 9.3 5700
100 | 218 182 11.9
25 | 39 34 6.3

15 50 | 80 68 7.0 6300
100 | 161 135 7.7
25 | 24 25 6.5

2.0 50 | 47 50 7.6 6300
100 | 95 100 8.5

TABLE |
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